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HISTORICAL. 

AmonG the hepaticae recently collected by Professor John 
Macoun in the Yukon Territory are several fruiting specimens of 
Odontoschisma Macountt, a species confined to the higher latitudes 
and hitherto known in sterile condition only. The species has 
had a rather varied history. It was first described by Austin,’ in 
1872, as Sphagnoecetts Macouniti, the original specimens having 
been collected in the Lake Superior region of Ontario in 1869. 
A portion of this original material has been kindly furnished me 
by Professor Macoun, but unfortunately it does not appear to be 
altogether homogeneous. Some of the specimens are gemmip- 


arous and are pale green in color, while others are without 


gemmae and are more or less tinged with yellow or brown. It 


is evident that Austin’s description is drawn almost entirely from 
the pale specimens, which may therefore be regarded as the type 
of the species. It is very probable also that the darker speci- 
mens are not specifically distinct from the others, and that their 
coloration is due simply to exposure to the sun. Nevertheless, 
on account of their incomplete character, this question can hardly 
be settled definitely at present. O. Macountt is either men- 
tioned or briefly described by Underwood,’ by Pearson,3 and by 

* Bull. Torrey Bot. Club 3:13. 1872. 

? Bull. Illinois State Lab. Nat. Hist. 2:92. 1884. Bor. GAZ. 17:312. 1892. 

3 List of Canadian Hepaticae 10. 1890. 
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Macoun,‘ but there is apparently no printed record of its having 
been collected a second time. 

In the writings of certain Scandinavian bryologists, however, 
are a few references to a small arctic hepatic which agrees 
closely with the pale type specimens of O. Macounit and which is 
doubtless referable to Austin’s species. This plant was first col- 
lected by Berggren in 1868 at King Bay on the island of Spitz- 
bergen, and was described by him in 1875 under the name 
Sphagnoecetis communis var. tessellata.’ In a second paper, also 
published in 1875,° he recorded the plant from Disco Bay on the 
western coast of Greenland, where he had collected it five years 
previously. This time it appears as /umgermannia tessellata, show- 
ing that he was not altogether certain as to its systematic posi- 
tion. Under this latter name the Greenland specimens are 
mentioned by Lange and C. Jensen? in 1887, and by Underwood? 
in 1892. In 1898 Kaalaas? recorded the species from Norway; 
he recognized in it an Odontoschisma, but referred it, as Berg- 
gren orginally did, as a var. ¢essellata to O. Sphagni. In the same 
year C. Jensen’? published excellent figures of the plant under 
the name O. ¢essellatum. The specimens from which his figures 
were drawn were collected by Hartz at Scoresby Sound, on the 
eastern coast of Greenland, well within the Arctic Circle. Herr 
Jensen has kindly sent me two East Greenland specimens of his 
O. tessellatum, which were collected by Dusén in 1899," and I 
have also been able to study Norwegian specimens collected and 
communicated by Herr Jérgensen. These specimens have served 
for comparison with Austin’s type of O. Macounit. Additional 
specimens from Yukon, collected by Williams, and from northern 
Minnesota, collected by Holzinger, have also been examined. It 
is clearly seen, therefore, that the geographical distribution of 
O. Macounit is much more extensive than the published records 
would seem to indicate. 

4Cat. Canadian Plants 7:32. 1902. 5 Kongl. Sv. Vet. Akad. Handl. 137: 101. 1875. 

OP ema s ase TOTS. 8 Bot. GAZ. 17: 311. 1892. 

7Meddel. om Gronland 3: 411. 1887. 9 Vidensk. Skrift. 1. 18989: 14. 

© Meddel. om Grenland 15: 369. f. 7-4. 1898. 


1" Cf. C. JENSEN, Ofvers. k. Vetensk.-Akad. Forh. 57:797- 1900. 











1903] ODONTOSCHISMA MACOUNIT AND ITS ALLIES 323 


Closely related to O. Macounit, but differing from it in several 
important respects, is a peculiar Odontoschisma which was col- 
lected by Miss Gertrude Gibbs at Port Renfrew, Vancouver 
Island, in tgo1. This species is apparently undescribed and 
may be designated O. Gibdsiae in honor of its discoverer. The 
specimens are without sexual organs, but show well developed 
gemmiparous branches. 

Two other members of the genus, O. denudatum and O. Sphagni, 
have been recorded from North America, north of Mexico. Both 
of these species have long been known in Europe, and O. denuda- 
tum has been reported from Siberia and from Japan. The range 
of this species in North America extends from Greenland to 
Louisiana, with a doubtful extension into the tropics. Accord- 
ing to printed reports, the range of O. Sphagni is even more 
extensive, but a comparison of authentic European material with 
American specimens which have been determined as O. Sphagni 
shows that the majority of the latter are really referable to O. 
prostratum, a species originally described from Jamaica. In fact, 
I have seen no specimens whatever of true O. Sphagni from the 
United States, although the species occurs in Canada. Mitten 
reports’? O. prostratum from Bermuda, and says that it also 
occurs in Europe, but the latter statement does not appear to be 
confirmed by any other European writer. In addition to Jamaica, 
O. prostratum has been reported from several localities in tropical 
America. 

A careful study of these five species makes it evident that 
certain of the generic characters commonly accepted for Odon- 
toschisma do not apply to all of the species, and that the genus 
as a whole is about as closely related to the monotypic Anomo- 
clada, of South America, as it is to Cephalozia, with which 
it is commonly associated. 

Odontoschisma was first proposed by Dumortier, in 1831," 
as a section of his genus Pleuroschisma. This included also, as 
sections, Lepidozia and Pleuroschismotypus, the latter being 
essentially the same as Bazzania. In 1835" he raised all three 

Challenger Rept. Botany 17:92. 1884. 


3Syll. Jung. 68. 1831. ™ Recueil d’Obs. sur les Jung. 19. 1835. 
2 s ‘ § XK to 
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sections to generic rank, the section Pleuroschismotypus becom- 
ing the genus Pleuroschisma in its restricted sense. Two species 
of Odontoschisma, O. Sphagni and O. denudatum, are recognized. 
In the Synopsis Hepaticarum Nees von Esenbeck*s redescribed 
the genus under the name Sphagnoecetis. He recognized but a 
single European species, S. communis, which was made to include 
both of Dumortier’s species. Two exotic species, however, are 
doubtfully referred to the genus, and three other exotic species 
are added in the appendix. 

In 1874 Lindberg” revised the European species of Odonto- 
schisma and clearly distinguished between O. Sphagni and O. 
denudatum. Unfortunately he included in the genus /uagermannia 
decipiens Hook., a species which Mitten had placed in his genus 
Adelanthus’? (now Adelocolea). In his paper on Anomoclada, 
published two years later, Spruce’® showed clearly why Adelan- 
thus should not be included in Odontoschisma. At the same 
time he fully described the two European species of the latter 
genus and ascribed to both a very wide geographical distribution, 
extending, in fact, into the tropics of South America. In 1877 
Trevisan *? accepted the genus Odontoschisma in Lindberg’s wide 
sense, and included in it eleven species, most of them exotic. 

In 1882 Spruce*? reduced Odontoschisma to a subgenus under 
Cephalozia, on account of the close resemblance between their 
sexual branches and sporophytes, and he continued so to regard 
it during the remainder of his life. He was followed in this by 
Lindberg and by Arnell, as well as by Pearson and by several 
other hepaticologists of the English school. On the continent, 
however, and in America, this extreme view has never met with 
much favor, and Schiffner, in his treatment of the Hepaticae for 
Engler and Prantl’s Die natiirlichen Pflanzenfamilien, published in 
1893, restored Odontoschisma to generic rank. Schiffner esti- 
mates the number of species of Odontoschisma at thirteen, and 
very few additions have been made up to the present time. 

%G, L. & N. Syn. Hep. 148. 1845. 

6 Notis. ur Sallsk. pro F. et Fl. Fenn. Forhandl. 13: 357. 1874. 

7 Jour. Linn. Soc. Bot. 7:244. 1864. 9 Mem. R. Ist. Lomb. III. 4: 418. 1877. 


‘Jour. Bot. 5:166. 1876. 2°On Cephalozia $9. 1882. 
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GENERIC CHARACTERS. 

The generic characters ascribed by Schiffner to Odonto- 
schisma are those accepted by the majority of recent writers, 
whether they regard the group as a genus or merely as a sub- 
genus under Cephalozia. The most important of these characters 
are the following: 

Plants rather large, growing in tufts, varying from green 
to red or dark brown; stems creeping, radicelliferous, not 
arising from a rhizome; branching uniformly postical; leaves 
succubous, entire, obliquely or longitudinally inserted, varying in 
outline from orbicular to ovate, rarely emarginate at the apex, 
cell walls thickened ; underleaves small ; 2 inflorescence ona short 
branch; perianth hypogonianthous, dentate or ciliate at the con- 
tracted mouth; capsule oval. 

All of these characters apply pretty definitely to O. Sphagni 
and also to O. prostratum. In our other species, however, 
the branching exhibits considerable variation, especially in O. 
Macounti. In this species, moreover, the mouth of the perianth 
is entire or nearly so, and the underleaves often attain a con- 
siderable size. Underleaves, in fact may be demonstrated in all 
our species, and although they are sometimes small and transi- 
tory in their nature, they afford nevertheless differential char- 
acters of considerable importance. 

BRANCHING. 

The branching in Odontoschisma is always intercalary in 
character, using this term in the sense suggested by Leitgeb.* 
According to this author, intercalary branches arise almost 
invariably from the postical segments of an axis. This origin 
is seen very clearly in Kantia and in the typical species of 
Cephalozia. It is also seen in the flagella and in the sexual 
branches of Bazzania. In Odontoschisma the postical origin of 
the branches may be demonstrated in the normal flagella of all 
our species ( fig. gg) and also in the vegetative and sexual 
branches of O. Sphagni and O. prostratum (fig. 42). In O. 
Macountt, however, the leafy branches and also the sexual 


2 Unters. iiber Lebermoose 2:21. 1875. 
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branches are sometimes postical, sometimes lateral (fig. 7), and 
sometimes occupy a position between postical and lateral. In 
fact, the lateral position is the most frequent and is almost inva- 
riably assumed by the sexual branches. In QO. Giddsiae and in 
O. denudatum, as well as in the recently described O. cavifolium 
Steph.” of Japan, lateral branches are also of occasional occur- 
rence. That the origin of these branches is really postical and 
their lateral position is due merely to displacement, as Leitgeb 
maintains is the case in Plagiochila, is not improbable, but it has 
not been determined with certainty. It is clear, however, that 
this theory of displacement from the postical segment cannot 
apply to the genus Anomoclada, where all the branches except 
the flagella are distinctly antical in position. In this genus it is 
perfectly apparent that the branches arise from the lateral seg- 
ments, and the difference in position between such an antical 
branch and the lateral branches in Odonotoschisma Macounii is 
really not very great. 

The lateral branching which occurs in Cephalozia Turneri and 
in some of its immediate allies was used by Spruce?3 as the 
essential character of his subgenus Prionolobus, a group which 
Schiffner has since raised to generic rank. On the same grounds 
O. Macounit might be separated generically from O. Sphagni, but 
such a separation would be very artificial, especially when we 
take into consideration the inconstancy in the position of the 
branches in O. Macouni. In fact, the generic claims of Prionolo- 
bus are not above criticism, on account of the occurrence of both 
postical and lateral branches in certain undisputed species of 
Cephalozia. 

It is probable that the position occupied by intercalary 
branches, and especially by those of adventitious origin (2. e., by 
those arising from differentiated axis-cells which have reassumed 
an embryonic character), is largely influenced by the conditions 
under which a species develops. This statement would apply 
especially to plastic species, of which O. Macounii seems to offer 
an example, but it would also apply to the plastic ancestors of 

22 Bull. de l’Herb. Boissier 5: 102. 1897. 


23 ep. Amaz. et And. 508 (footnote). 1885. 
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forms in which the branching has now become constant. It is 
clear, for example, that in a species with prostrate stems the posti- 
cal position of the flagella is of distinct advantage, because it ena- 
bles these organs at once to penetrate the substratum and to act 
as fixing and absorbing organs. Ina leafy branch, however, the 
advantages of a postical origin is not so clear. Except at the 
very beginning, when the branch needs protection from drying, 
it would be placed at a disadvantage, because it would have to 
grow out beyond the leaves of the axis before it could develop 
normally and expose its leaves to the light. In such a case a 
lateral displacement would enable it to perform its functions 
earlier, while an antical position would be most advantageous of 
all. The last, however, would be precarious, unless there were 
some provision for keeping the branch-rudiment moist; this is 
secured in Anomoclada by a copious secretion of slime. In 
sexual branches the postical position is at first of distinct advan- 
tage, because it protects the antheridia and archegonia from 
drying, and at the same time tends to insure fertilization. It 
continues to be of advantage in such genera as Kantia, where a 
subterranean sac is developed. But in most cases the female 
branch curves upward and the perianth shortly assumes a_ posi- 
tion at right angles to the substratum. In this way the young 
capsule is so placed that a simple elongation of its stalk will push 
it above the perianth and expose its ripened spores to currents of 
air. The latter advantage is, of course, more easily secured by 
lateral or antical branches. Lateral branching, on the whole, 
seems to be the most serviceable type. This is seen especially 
well in the large and very successful group of the Jubuloideae, 
where postical branching has entirely disappeared. In this group, 
to be sure, the branching is terminal, and the lateral branches 
are therefore laid down at the growing apex. There is little 
doubt, however, that in the ancestors of these forms the method 
of branching was less definite. 
LEAF-CELLS. 

The thickening of the cell wall has already been quoted as an 

important generic character of Odontoschisma, and the variations 


in the thickening afford excellent differential characters for the 
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species. The thickening may be observed in the cells of the 
stems and branches, but is best studied in the leaves. Here it is 
most pronounced in the angles of the cells, where it forms dis- 
tinct and often conspicuous trigones, but it affects the cuticle of 
the leaves as well. In this region the thickening is fairly uni- 
form, and we sometimes find a uniform thickening also in the 
vertical walls of the marginal cells. Intermediate thickenings 
seem never to be present. 

In O. Macouni the thickenings of the cell wall are especially 
pronounced, the trigones being extremely large, and the cuticle 
thickened in a corresponding degree (figs. 5,6). The trigones, in 
fact, project far out into the cell cavities, which become in con- 
sequence distinctly stellate with narrow rays, the latter of course 
forming pits for communication between adjoining cells. It 
is often possible to recognize in a trigone a distinct line of demar- 
cation separating the original trigone, as laid down in the devel- 
oping leaf, ffom a secondary deposit. This line of demarcation 
is clearly brought out by treatment with sulfuric acid in the 
presence of iodin, which serves at the same time to demonstrate 
the presence of cellulose in the wall. The trigones of this species 
are especially likely to be confluent; in some cases this is true of 
the original trigones; in other cases the coalescence is brought 
about by the secondary deposit, which causes at the same time 
the obliteration of a pit. Much of the thickening of the cuticle 
is also due to the secondary deposit. The cells of the under- 
leaves are sometimes rather thin-walled, and sometimes have 
thicker walls than the leaves themselves (fig. 73). The last is 
true also of the leaves on gemmiparous branches, of the peri- 
gonial and perichaetial bracts, and of the lower part of the pert. 
anth (fig. 23). In most of these regions there is a tendency for 
the cells to be arranged in longitudinal rows, and the excessive 
thickening brings about an extensive coalescence of trigones. 
These are commonly united in such a way that the pits connect- 
ing the cells laterally are filled up by the secondary deposit, 
while those connecting the cells longitudinally are retained. 
Through this process the lower part of the perianth becomes a 
series of flattened thick-walled tubes, which are continuous except 
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for the thin partitions separating the cells of which they are com- 
posed. These tubes are bounded without and within by the 
thickened cuticle, and are separated from one another by the 
coalescent trigones. In the upper part of the perianth the cells 
are uniformly and only slightly thickened (fig. 24), and there is 
a gradual transition from these to the thick-walled cells just 
described. The thickenings of the cell walls, although found in 
all the specimens of O. Macounii examined, are especially pro- 
nounced in those from the far north. 

If we confine our attention to the median leaf-cells, our five 
species of Odontoschisma wil! be found to exhibit a regular 
descending series with respect to their trigones. O. Macounii 
stands at the beginning of this series. In O. Gibdsiae, which 
comes next, the trigones are still large, and the cavities are 
stellate, but the pits are broader and the trigones are less fre- 
quently confluent (fig. 37). Inthis species the trigones rarely 
show a line of demarcation, except when the portion lining the 
cavity becomes pigmented, and they also fail to respond directly 
to the cellulose test. In O. denudatum the trigones are still pro- 
nounced, but the cavities are less distinctly stellate, the trigones 
not projecting far enough out into the cavities to leave narrow 
pits (fig. 35). In O. Sphagni the trigones are smaller and project 
only slightly into the cavities, which in consequence become 
rounded in outline (fig. 39). In O. prostratum the trigones are 
still less conspicuous and commonly turn a concave face toward 
the cavity, which acquires in this way a polygonal outline with 
rounded angles ( figs. 55, 56). 

Throughout the genus Odontoschisma the median leaf-cells, 
if we consider them bounded by their middle lamellae, are 
polygonal in outline and isodiametric. The marginal leaf-cells, 
however, are quadrate or rectangular in outline, and in the latter 
case the long axis of the cell is commonly at right angles to the 
margin. In most species the marginal cells are not very different 
from the median cells, except for this slight difference in shape. 
This is true of O. Macounit, O. Gibbsiae, and O. denudatum ( figs. 
7,32, 36). In other species there are several successive rows of 


four-sided cells, forming a distinct border around a considerable 
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portion of the leaf. This bordered appearance is often made 
more conspicuous by the involute character of the leaf margin. 
A border of this sort has long been emphasized as one of the 
most important characters separating O. Sphagni from O. denu- 
datum. The border of O. Sphagni (fig. 40), however, is much 
less distinct than that of O. prostratum (figs. 57,58). In both 
species we find two to four rows of marginal cells which exhibit 
a tendency, sometimes very clearly marked, to be arranged in 
radial rows as well. These marginal cells have uniformly 
thickened walls, giving them a very different appearance from 
the thin-walled median cells with their small trigones. In O. 
prostratum the leaves exhibit considerable variation, not only 
with respect to the width of the border, but also with respect to 
the thickness of the walls of the marginal cells, and the two 
extreme conditions represented in the figures are connected by a 
series of intermediate forms. Both in this species and in 0. 
Sphagnt, the border is indistinct in poorly developed individuals. 
UNDERLEAVES., 

The underleaves of Odontoschisma present peculiarities which 
have been strangely overlooked by writers on the genus. In the 
specimens of O. Macountt from Greenland and Yukon, these 
underleaves are especially large and persistent even on sterile 
stems, although they are considerably smaller on Minnesota 
specimens of the same species. Their most remarkable feature 
is found in the slime-secreting papillae which are borne in large 
numbers on their margins. Similar papillae are found on the 
underleaves of our other species of Odontochisma, but they are 
usually shorter-lived than in O. Macounit. 

Leitgeb and others have already called attention to the fre- 
quent occurrence of papillae in connection with the growing- 
points of the Hepaticae. In the Jungermanniaceae they seem 
to be almost constantly present, but are usually restricted to the 
postical segments cut off from the apical cell. Leitgeb desig- 
nates these papillae as “primordial,” and looks upon them as 
structures which the leafy hepatics have inherited from their 


thallose ancestors. When the postical segment is cut off in 


74 Unters. iiber Lebermoose 2:7 ff. 1875. 
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these leafy forms, it divides by a periclinal wall into an inner 
and an outer cell, of which the latter gives rise to the papillae. 
In some cases this outer cell forms a single papilla before 
dividing. This is true, for example, of Cephalozta bicuspidata, 
Nardia hyalina, and WN. scalaris. \n other cases the outer cell 
divides by anticlinal walls into two, three, or four cells, each of 
which gives rise to a papilla. In Plagiochila asplenioides, for 
example, two papillae are formed; in Acromastigum integrifolium,*5 
three; and in Bazzania trilobata, four. Ina few species without 
underleaves, such as Radula complanata and Cololejeunea calcarea, 
no primordial papillae are formed by the ventral segments; but, 
on the other hand, the mere presence of papillae by no means 
insures the development of underleaves. When the latter are 
to be formed the papillae elongate, cells are cut off from their 
bases, and these cells by irregular divisions, both longitudinal 
and transverse, give rise to the permanent cells of the under- 
leaves. In some cases there are as many lobes or divisions to 
the underleaf as there are primordial papillae, but usually the 
portions developing from the different papillae coalesce through- 
out more or less of their extent, and in some cases this coales- 
cence extends to the very apex of the underleaf, which becomes 
thereby truncate or rounded. 

In all our species of Odontoschisma two primordial papillae 
are formed and are succeeded by well developed underleaves. 
In O. Sphagni these are unfortunately short-lived, and the species 
has been described as being without underleaves or as having 
them rare and minute. As a matter of fact, they are always 
easy to demonstrate both in this species and in O. Gidbdsiae near 
the apex of a vegetative branch, and in our other species they 
can usually be detected in the older parts of a plant as well. 
With regard to their structure and development two types of 
underleaf may be recognized. The first is found in O. prostratum 
and O. Sphagni, the other in our remaining three species. In 
the first type, through a succession of transverse walls in the 
cells cut off at the base of the papillae, two rows of cells are 
formed, growth and division continuing for some time at the 


75 EVANS, Bull. Torr. Bot. Club 27: 100. ~/. 7. 1900. 
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base of the underleaf. These two rows of cells separate slightly 
at their free ends, which are tipped with the papillae, but 
coalesce throughout the greater part of their length. In this 
way a linear underleaf is formed, slightly bifid at the apex. In 
O. prostratum ( figs. 59-62) a few longitudinal (or oblique) divi- 
sions sometimes occur near the base, and in O. Sphagni (fig. 47) 
these divisions are more frequent. Through these longitudinal 
divisions an underleaf may acquire a subulate form, but it is 
always much longer than broad. In the second type of under- 
leaf the development begins in the same way, but the order of 
cell division is much less regular, longitudinal divisions tending 
to set in very early. The adult underleaves in consequence vary 
greatly in form, being sometimes distinctly bifid and sometimes 
rounded or truncate at the apex. In many cases the breadth 
equals or exceeds the length. These variations affect the under- 
leaves, whether they remain small, as in O. Gibdsiae (figs. 33, 34), 
O. denudatum (figs. 37, 38), and some forms of O. Macounii 
(figs. 9, 11, 12), or attain a considerable size, as in the other 
forms of this same species ( fig. 10). 

As the underleaves develop, some or all of their cells give 
rise to a series of slime-secreting papillae, similar in all respects 
to the primordial papillae. In a young underleaf these may be 
found in all stages of development. A papilla begins as an out- 
growth from a cell and soon becomes swollen at its extremity. 
In most cases a wall is formed at the base of the papilla, cutting 
it off from the cell. In rare cases this wall is suppressed and 
the cell simply forms a part of the papilla. Usually the papil- 
lae are limited to the margin of an underleaf, but occasionally 
they grow out from the postical surface as well. This is fre- 
quently the case in O. Sphagni, where it may even be difficult to 
distinguish the permanent cells of the underleaf on account of 
the crowded papillae which cover them. In our other species 
one or two papillae may occasionally be found on the postical 
surface. In rather rare cases two papillae may grow out froma 
single cell. The later development of the papillae has been 
briefly described by Goebel * for Calobryum Blumei. A layer of 


Ann. Jard. Buitenzorg g: 15. 1891. 
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cellulose is deposited within the cell-wall at the swollen extremity 
of the papilla. Between this layer and the original wall the 
secretion of slime appears and is set free by the rupture of the 
wall. In most cases the papillae are short-lived and soon 
shrivel away. Occasionally, however, there are very clear indi- 
cations that they continue active for a considerable period. In 
O. Macounii, for example, pits may be demonstrated in the mar- 
ginal cells of the underleaves, connecting them with the papillae 
(jig. 13), and these pits are especially striking in cases where 
the cell walls are strongly thickened. 

In the case of O. Macounii, slime-papillae are not confined to 
the underleaves. They may also be found on the leaf-margins 
close to the postical base, on the margins of the perichaetial 
bracts and bracteoles ( figs. 14-22), and on short hair-like para- 
phyllia which are sometimes developed in connection with the 
archegonia (fig. 4). Whenever they occur in any of these locali- 
ties they appear to be fully as persistent as on the underleaves. 

Leitgeb has briefly alluded to the fact that the underleaves 
of Bazsania trilobata, as well as those of certain other species, 
sometimes bear a few papillae in addition to those which he 
designates as primordial, but he neither figures nor describes 
them further.?”7_ He also calls attention to the occasional occur- 
rence of similar papillae on leaf-margins in more or less indefi- 
nite positions. These he would distinguish from primordial 
papillae, because they develop from leaf-cells (or underleaf- 
cells) instead of directly from the segments cut off from the 
apical cell. Although this distinction may be of theoretical 
interest, it is really of little practical importance, because all the 
papillae, whatever their origin, have the same structure and 
functions. 

THE FEMALE BRANCH. 

The female branch in Odontoschisma affords a generic char- 
acter which has not been sufficiently emphasized by writers. 
This is a peculiar enlargement at the apex of the branch, just 
below the perianth. It becomes evident after an archegonium 
has been fertilized, and is doubtless to be looked upon as one of 


27 Unters. iiber Lebermoose 2: 10. 1875. 
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the secondary effects of fertilization. A longitudinal section 
through the female branch and young sporophyte of O. Macounti 
(jig. 4) shows this enlargement very clearly, and also shows how 
the bracts and perianth are inserted. The foot of the develop- 
ing sporophyte together with a portion of the stalk penetrate 
into this enlargement, which is composed in large part of food- 
storing cells. The capsule and the remainder of the stalk are 
covered by the calyptra, at the base of which may be seen a few 
paraphyllia and unfertilized archegonia. In O. Macount the 
enlargement is radial in structure, probably on account of the 
lateral attachment of the female branch. In such a species as 
O. prostratum, however, where the branches are very short and 
uniformly postical, the enlargement is not wholly symmetrical, 
but shows a slight bulging in the portion turned toward the 
substratum (fig. 2). In the related genus Adelocolea a very 
similar condition exists, and in certain species the bulging portion 
becomes more prominent and forms a bulbous base into which 
the foot of the erect young sporophyte forces its way. In the 
genus Marsupidium the extreme development of the enlarge- 
ment is found in the form of a cylindrical perigynium, in which 
practically the whole of the sporophyte is imbedded. 

It has already been noted that in O. Macountt the mouth of 
the perianth is wholly destitute of distinct teeth (fig. 27), and it 
may be added that these are not invariably present in other species. 
On O. prostratum, for example, much of the perianth-mouth is 
scarcely crenulate (fig. 63), and it is only occasionally that a 
short tooth, one or two cells long, can be demonstrated. Even 
in O. Sphagni and in O. denudatum, the teeth are often reduced to 
slight crenulations. The fact that the perianth is irregularly 
lobed at the mouth and often deeply plicate makes it difficult to 
gain an accurate idea of the true conditions. The difficulty is 
increased by the withéring of the upper part of the perianth and 
by its irregular laceration when the mature capsule is extruded. 


GEMMIPAROUS BRANCHES. 


In distinguishing the different species of Odontoschisma, the 
gemmiparous branches often yield characters of importance. In 
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O. Sphagni and in O. prostratum, gemmae are apparently never 
produced, but they occur more or less frequently in our other 
species, and in O. denudatum they may be found even on fruiting 
individuals. In this species the gemmiparous branches are the 
upright continuations of prostrate branches, and the formation of 
the gemmae soon puts a stop to further elongation. The leaves 
and underleaves on these branches are scarcely distinguishable 
from each other; they are distant and strongly squarrose, and 
become smaller and smaller toward the apex of the branch. In 
O. Gibbsiae (fig. 29) and in O. Macouni the gemmiparous branches 
are prostrate or ascending, but they likewise show three ranks of 
leaves, the underleaves being distinguishable only by their posi- 
tion. In both these species the leaves are concave, loosely im- 
bricated, and relatively longer than ordinary leaves. Sometimes 
a branch of this character attains a considerable length, but its 
growth is ultimately terminated by the formation of gemmae. In 
O. Macountt gemmiparous branches are much less frequent than in 
O. Gibbsiae. The gemmae themselves are similar in the different 
species. They are oval or spherical bodies and are composed ot 
two cells, or more rarely of a single cell. In O. denudatum they 
are thin-walled, while in our other two species (jig. 28) they 
are thick-walled. In the lower part of a gemmiparous branch 
the leaves bear gemmae on their margins and outer surfaces; in 
the upper part the rudimentary leaves and the stem-apex become 
wholly transformed into a mass of gemmae. 


COMPARISON OF THE GENERA ODONTOSCHISMA, ANOMOCLADA, 
AND CEPHALOZIA. 

One of the most striking peculiarities of the genus Anomo- 
clada, as described by Spruce, is the secretion by the underleaves 
of so much slime that it literally floods the entire plant. In the 
original paper on this genus* it was further stated that ‘‘the mar- 
ginal and apical cells { ofthe underleaves | were continually swelling 
and discharging their protoplasm, adhering for awhile as empty 
bleached bladders, then falling away, for the succeeding cells to 
undergo the same process.”” Spruce also called attention to the 


7% Journal of Botany 5: 130. 1876. 
5:1: 7 
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difficulty of finding a perfect underleaf. An examination of the 
specimens of A. mucosa which were distributed in Hepaticae Spruce- 
anae shows that the secretion of slime is performed by club- 
shaped papillae, similar in all respects to those described for 
Odontoschisma, and that it is not necessarily accompanied by 
the destruction of cells. The only difference between the genera 
in this respect is a difference of degree, the underleaves of 
Anomoclada being larger and the papillae more numerous than 
in Odontoschisma. They arise not only from the margin of an 
underleaf, but also from the postical surface near the margin, and 
sometimes a cell is directly transformed intoa papilla. The basal 
cells of the underleaves acquire thickened walls with distinct tri- 
gones, and persist indefinitely, even after the papillae have lost 
their protoplasm and withered away. According to Spruce, 
the underleaves are “late ovata in acumen subulamve brevem 
producta . . .. superiora vix unquam perfecta, sed e margine 
apiceque plus minus dissolutis, nunc irregulariter bifida, nunc 
quadrifida vel digitatim multifida.” As a matter of fact, the 
underleaves are variously divided, even in the vicinity of the 
growing point, and this division is in no sense due to the devel- 
opment of slime-secreting papillae. There seems to be no good 
reason, therefore, for considering that they are primarily undi- 
vided. 

The strong resemblance between the underleaves of Odonto- 
schisma and Anomoclada indicates a close relationship between 
the genera. They resemble each other further in their prostrate 
stems with postical flagella, in their succubous undivided leaves, 
and in their thick-walled leaf-cells with distinct trigones. Even 
closer to Anomoclada than any of the species which have yet 
been noted, is Odontoschisma Portoricense,a West Indian species 
(jigs. 65-74). At first sight this looks precisely like a poorly 
developed form of A. mucosa, largely from the fact that its 
leaves are commonly crispate near the postical base and slightly 
convex—peculiarities which none of the more northern forms of 
the genus show. In O. Portoricense the underleaves (fig. 70) are 
covered over with slime-papillae, and the perichaetial bracts are 


often slightly connate (fig. 77), the latter being a character 
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emphasized for Anomoclada. The vegetative branches are occa- 
sionally lateral (fig. 65), but rarely recede very far from the pos- 
tical base of the subtending leaf: so far as observed, the female 
branches are invariably postical. The only character of real 
importance which distinguishes Anomoclada from Odontoschisma 
is its antical branching. Whether this peculiarity by itself is 
sufficient to separate genera may well be questioned, especially 
when we take into account the great variability in the branching 
of Odontoschisma. 

One of the connecting links between Odontoschisma and 
Cephalozia is C. Franctsct,a rare species known from several 
localities in western Europe and recently detected in Maine.” It 
was, to a considerable extent, the existence of this species which 
influenced Spruce in including Odontoschisma among his sub- 
genera of Cephalozia. C. Francisci is a true Cephalozia and has 
bifid leaves, but the lobes of the latter are commonly rounded or 
obtuse, instead of being sharp-pointed as is usual in the genus. 
Similar bifid leaves with rounded lobes are exceptionally found 
in Odontoschisma Sphagni, as Spruce has already noted, and they 
are not infrequent in O. prostratum (fig. 43). C. Francisci agrees 
with Odontoschisma further in its postical flagella, and in its 
irregularly bifid underleaves, the latter being built up on essen- 
tially the same plan as in O. Sphagni and bearing a very few 
secondary marginal papillae of short duration. The only char- 
acters which separate this species from Odontoschisma are its 
smaller size, its more delicate structure, and its regularly bifid 
leaves, not one of which can be regarded as of very great moment. 
In fact, the second of these differences is hardly worthy of 
mention, because the cell walls of C. Francisct, although thinner 
than is usual in Odontoschisma, are by né means wholly destitute 
of thickenings; these appear in the leaves as minute but distinct 
trigones, in the involucral leaves and perianths as more or less 
uniform thickenings tending to obliterate the trigones. 

It will be seen, therefore, that although Odontoschisma rep- 
resents a natural group of closely allied species, there is, on the 
one hand, a very vague line of demarcation between Odonto- 


29 Cf. Miss C. C. HAYNES, Torreya 3:41. 1903. 
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schisma and Anomoclada, and, on the other hand, a similarly 
vague line between Odontoschisma and Cephalozia. Ina certain 
sense our species of Odontoschisma form part of a continuous 
series, whose extremes are Anomoclada mucosa and Cephalozia 
Francisct. If we recognize three distinct genera in this series, it 
is largely because the two extremes are so very diverse. In the 
large group of the Lejeuneae we find these conditions duplicated, 
many of the recognized genera being connected by intermediate 
species. 
DESCRIPTION OF SPECIES WITH NOTES ON GEOGRAPHICAL 
DISTRIBUTION. 

Full descriptions of O. Macouni, O. Gibbsiae, and O. prostratum 
are appended. 0. Portoricense is also described, although the 
present paper makes no pretense of revising the species of 
Odontoschisma found in the American tropics. For descriptions 
of O. denudatum and O. Sphagni, aside from the characters dis- 
cussed in the preceding pages, reference may be made to the 
writings of Lindberg, of Spruce,3* and of Pearson. For all 
five of our northern species the synonymy and geographical 
distribution are noted, and the following artificial key will aid in 
their identification : 

1. Plants commonly growing on rotten logs or on banks, branches varying 
from postical to lateral, leaves more or less strongly concave, not 


margined, gemmiparous branches often abundant - - . 2 


1. Plants, commonly growing in bogs or swamps, branches always postical, 
leaves plane or slightly concave, more or less distinctly margined, 
gemmiparous branches wanting - - - - . - 4 

2. Leaves and underleaves on the gemmiparous branches suberect, strongly 
concave and imbricated - - - - - - - - 3 

2. Leaves and underleaves on the gemmiparous branches squarrose, plane or 
slightly concave and distant - - - - 3. O. denudatum 

3. Plants pale green or yellowish, leaves not dilated at the postical base, 
median leaf-cells averaging 28 in diameter, underleaves distinct and 
frequently conspicuous - - - - - - 1. O, Macounit 

3. Plants varying from pale green to reddish or brownish, leaves dilated at 
the postical base, median leaf-cells averaging Ig win diameter, under- 
leaves usually minute and inconspicuous - : - 2. O, Gibbsiae 

3° Notis. ur Sallsk. pro F. et Fl. Fenn, Forhandl. 13: 357-360. 1874. 


3* Journal of Botany 5: 166, 193. 1876, On Cephalozia 60, 61. 1882. 


2 Hep. British Isles 171, 174. 1900. 
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4. Plants commonly brownish green, leaves broadly orbicular, usually 
erect and connivent antically, margin rarely more than one cell 
wide - - - - - - - - - 4. O. Sphagni 

4. Plants pale green, more rarely tinged with brownish, leaves varying from 
oblong to orbicular but usually longer than broad, mostly explanate, 
margin from one to four cells wide - - - 5. O. prostratum 

1. OponroscuisMA Macount! ( Aust.) Underw. Bull. Ill. State 
Lab. Nat. Hist. 2: 92. 1884.—Plate XVIII. 

Sphagnoecetis Macountt Aust. Bull. Torr. Bot. Club 3: 13. 1872. 

Sphagnoecetis communis, var. tessellata Berggr. Kongl. Sv. Vet. Akad. 
Handl. 137: ror. 1875. 

Jungermannia tessellata Berggr. 2. c. 13°: 43. 1875. 

Cephalozia (Odontoschisma) Austini Pears, List Canad. Hepat. 10. 1890. 

Odontoschisma Sphagni, var. tessellatum ‘Kaalaas, Vidensk. Skrift. I. 
1898": 14. 

Odontoschisma tessellatum C. Jensen, Meddel. om Grenland 15: 369. 
J. 1-4. 18098. 

Plants pale green or yellowish, rarely tinged with brown, 
growing in depressed mats or creeping among other bryophytes: 
stems sparingly and irregularly branched, 0.2™" in diameter, 
prostrate, ascending at the tips; flagella postical, with very 
minute and rudimentary leaves; vegetative and sexual branches 
varying from postical to lateral, but usually occupying the latter 
position; rhizoids scanty, borne either on the flagella or on the 
postical surface of the stem and leafy branches, never on the 
underleaves: leaves imbricated, strongly concave, broadly orbicu- 
lar, 0.75™™ long, 0.85™™" wide, not margined, attached by an 
oblique line of insertion, neither dilated at the postical base nor 
decurrent antically, margin entire, apex varying from broadly 
rounded to truncate or slightly retuse, very rarely indistinctly 
bilobed: leaf cells 25m in diameter at the margin of leaf, 28u 
in the middle and at the base, with very large, occasionally 
confluent and rounded trigones; cell cavities stellate with 
narrow pits; cuticle very thick, smooth: underleaves varying 
from minute to rather large, reaching a maximum length of 
about 0.2™", when well developed ovate to oblong in shape, 
rounded, retuse or irregularly bilobed at the apex, margin entire, 
but bearing numerous slime-papillae: inflorescence dioicous: ¢ 


inflorescence borne on a short branch; involucral leaves (bracts 
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and bracteoles practically indistinguishable) in three rows, leaves 
of innermost row slightly complicate, ovate, 1.4™™ long, 0.75™™ 
wide, bifid about one-fourth with narrow sharp-pointed lobes 
and sinus, margin subentire or bearing a few small and irregular 
lobe-like teeth, marginal papillae numerous, especially at the 
apices of the teeth; leaves of outermost row small and sub- 
orbicular, truncate at the apex or slightly bifid with a broad 
sinus, marginal papillae few, mostly at the base; leaves of middle 
row intermediate in character; perianth oblong in outline, con- 
tracted at the base and at the apex, 3.4™™ long, 0.95™™ wide, 
obtusely three-keeled, somewhat plicate in the upper part, mouth 
slightly and irregularly lobed, the divisions entire or very vaguely 
crenulate from projecting cells: ¢ inflorescence occupying a 
short branch; bracts in three or four pairs, complicate, slightly 
bifid or truncate, inflated near the antical base and commonly 
bearing a small inflexed tooth at about the middle of the antical 
margin; bracteoles similar to the underleaves; antheridia borne 
singly: capsule oval; spores brownish, minutely verruculose, 
14m in diameter; elaters gu in diameter, bispiral: gemmiparous 
branches long and worm-like, simple, terminating normal vege- 
tative branches, prostrate or ascending; leaves in three equal 
ranks (the underleaves being similar to the side-leaves) sub- 
transversely inserted, imbricated, concave, oblong, variously 
erose-dentate along margin in upper part and at apex; gemmae 
oval to pyriform, arising singly or in chains from the margin 
and outer surface of the leaves and finally from the stem- 
apex, one-celled or usually two-celled, with a thick outer wall 
and a thin transverse partition, occasionally mixed with slime- 
papillae. 

On banks. GREENLAND: Claushavn (Berggren); Cape Stewart (Hartz); 
Hurry Inlet, Cape Franklin, Cape Mary (Dusén). YUKON: Dawson (W2d- 
Jiams); Hunker Creek, Gold Run Creek (J/acoun). ONTARIO: ‘25 miles 
north of Michepicoten and near Otter Head, Lake Superior” (J/acoun), the 
type localities. MINNESOTA: near Grand Marais, north shore of Lake 
Superior (H/o/zinger). Also reported from Spitzbergen (Berggren) and from 
Norway (Kaa/aas, Jorgensen). 

Exsic.: Can. Hep. 101 (as Cephalozia Austini), 
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2. Odontoschisma Gibbsiae, sp. nov.—Plate XLX, figs. 29-34. 

Plants yellowish green, more or less tinged with red or brown, 
growing in depressed mats or creeping among other bryophytes: 
stems sparingly and irregularly branched, 0.3™" in diameter, 
prostrate, ascending at the tips; flagella postical or terminating 
leafy branches; vegetative branches varying from postical to 
lateral; rhizoids scanty: leaves imbricated, strongly concave, 
increasing in size from the base of a leafy axis, orbicular, 1™™ 
long, not bordered, attached by an oblique line of insertion, 
slightly decurrent antically and more or less dilated at postical 
base, arching to or beyond the middle of the axis, margin entire, 
apex rounded: leaf-cells 16X23 at edge, Igu in diameter in 
the middle and 23 at the base, with very large and occasionally 
confluent rounded trigones; cell cavities stellate with distinct 
pits; pigmentation when present limited to the lining of the 
cavity, not affecting the limiting membrane of the pits nor the 
outer part of the very thick smooth or minutely verruculose 
cuticle: underleaves minute, except at the base of a branch, 
irregular in shape, sometimes vaguely bidentate: inflorescence 
unknown: gemmae and gemmiparous branches similar to those 
of O. Macount but the latter with more loosely imbricated leaves. 

On a log. BRITISH COLUMBIA: Port Renfrew, Vancouver Island (J/zss 
Gertrude Gibbs), the type locality. 

3. OpONTOSCHISMA DENUDATUM ( Mart.) Dumort. Recueil d’Obs. 
sur les Jung. 19. 1835.—Plate XIX, figs. 35-38. 

Jungermannia scalaris, var. 8B denudata Martius, Fl. Crypt. Erlangensis 
183. 1817. 

Jungermannia denudata Nees; Martius, of. cit. praef. p. xiv. 1817. 

Pleuroschisma (Odontoschisma) denudatum Dumortier Syll. Jung. Eur. 
6g. 1831. 

Sphagnoecetis communis B macrior Nees, G. L.& N. Syn. Hep. 149. 1845. 

Sphagnoecetis Huebneriana Rabenhorst, Deutschlands Krypt.-Flora 2: 
338. 1848. 

Odontoschisma Huebnerianum Aust. Hep. Bor.-Amer. 61b. 1873. 

Cephalozia (Odontoschisma) denudata Spruce, On Cephalozia 61. 1882. 

Odontoschisma Sphagni B denudatum Massal. & Carest. Nuovo Gior. 
Sot. Ital. 14: 238. 1882. 

Odontoschisma Sphagni var. macrior Meylan, Bull. de l'Herb. Boissier 
II. 1:629. Igol. 
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On rotten logs, more rarely on shaded banks. GREENLAND: Scoresby 
Sound (Hartz). Nova Scotia: Pirate’s Cove and Baddeck (J/acoun), 
New BrRuNSWICK: Campobello (Far/ow). ONTARIO: Ottawa and Bellville, 
(Macoun). NEW HAMPSHIRE: Shelburne (Far/ow); Franconia (J/rs. Curtis); 
Jackson (Evans). VERMONT: Mt. Mansfield and Lake Dunmore (Far/ow). 
MASSACHUSETTS : New Bedford (/ngraham); Magnolia (Farlow), CONNECT- 
1cuT: Windsor, Salisbury and Hamden (£vams), NeW YORK: near Syra- 
cuse (Underwood). NEW JERSEY: Delaware Water Gap and Bergen (Ausézn); 
Atsion (Evans). DELAWARE: Newark (Commons), DISTRICT OF COLUMBIA 
(Holzinger). VIRGINIA: Marion (M/rs. Britton and Miss Vail). NortTu 
CAROLINA: Salem (Schweinitz). Onto (Sudlivant). TENNESSEE (Ruth). 
FLORIDA: Monticello (Lighthife). ALABAMA: Mobile (JZohr); Citronville 
(Baker). Louisiana: Covington (Langlois). Widely distributed in Europe 
and in northern Asia: also reported from tropical America. 

Exsic.: Musct Alleg. 229 (as Jungermannia Sphagni, var. 2); Hep. 
Bor. Amer. 61b (as Odontoschisma Huebnerianum), Hep. Amer. 124; Can. 
Hep. 102 (as Cephalozia Sphagnt), 105 (as Cephalozia deundata). 


4. ODONTOSCHISMA SPHAGNI ( Dicks.) Dumort. Recueil d’Obs. 
sur les Jung. 19. 1835.— Plate XIX, figs. 39-41. 

Jungermannia Sphagni Dicks. Fasc. Pl. Crypt. Brit. 1:6. 1785. 

Pleuroschisma (Odontoschisma) Sphagni Dumort. Syll. Jung. Eur. 68. 
1831. 

Sphagnoecetis communis a vegetior Nees, G. L. & N. Syn. Hep. 149. 
1845. 

Odontoschisma Sphagni var, Europaea Spruce, Journal of Botany 5: 167. 
1876. 

Cephalozia (Odontoschisma) Sphagni, Spruce, On Cephalozia 60. 1882. 

Cephalozia Sphagni var. Europaea Spruce, Hepaticae Amaz. et And. 401. 
1885. 

In bogs, creeping over Sphagnum or Leucobryum. .NOVA SCOTIA: 
Louisburg (AZacoun). Widely distributed in northern Europe. The species 
has also been reported, in North America, from Greenland (Berggren), from 
Miquelon Island (De/amare), and from various localities in the United States, 
but all the latter references are probably incorrect. 


5. ODONTOSCHISMA PROSTRATUM (Swartz) Trevis. Mem. R. 
Ist. Lomb. III. 4: 419. 1877.—Plates XIX, XX, figs. 42-64. 


Jungermannia prostrata Swartz. Prodr. Fl. Ind. Occ. 142. 1788. 
? Sphagnoecetis prostrata Nees; G. L. & N. Syn. Hep. 149. 1845. 
Pleuroschisma prostratum Mitt., Challenger Rept. Bot. 17:92. 1884. 


Plants pale green, often tinged with brownish, growing in 


depressed mats or creeping among mosses and other bog-plants: 
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stems sparingly and irregularly branched, 0.25™" in diameter, 
prostrate with ascending tips; branches all postical; rhizoids 
scanty: leaves distant to loosely imbricated, plane or slightly 
concave, varying in shape from orbicular to oblong, 0.7—1.4™™ 
long, 0.75-1.3™" wide, distinctly margined, attached by an 
oblique line of insertion, slightly decurrent antically but not 
dilated at postical base, margin entire, apex commonly rounded, 
sometimes truncate, emarginate or bilobed: median and basal 
leaf-cells 20 in diameter, thin-walled and with minute but dis- 
tinct trigones; cell cavities polygonal with rounded angles; 
marginal cells 14 X 23m, forming one to four concentric rows and 
often arranged in radial rows as well, their walls more or less 
uniformly thickened with indistinct trigones ; cuticle somewhat 
thickened, smooth or minutely verruculose: underleaves more 
or less persistent, linear to subulate in shape, 0.15™™ long, 0.05™™ 
wide, shortly bifid at the apex ; slime papillae borne on the mar- 
gin and more rarely on the postical surface, short-lived: inflo- 
rescence dioicous: @ inflorescence on a short branch; involucral 
leaves in about three rows, those of the innermost row 1™ long, 
0.5™" wide, ovate, bifid about one-half with slender spreading 
acuminate lobes and narrow sinus, margin entire or with one or 
two slender lobe-like teeth below the middle; leaves of outer- 
most row smaller and relatively broader, rounded or slightly 
bifid at the apex, margin entire; leaves of middle row inter- 
mediate in character; perianth linear-ovoid, 3™" long, 0.g™™ 
wide, slightly contracted at the base and at the apex, obtusely 
three-keeled in lower part when young, terete when old, plicate 
in upper part, mouth irregularly lobed or cleft, the lobes sub- 
entire to short-setulose, the setae rarely more than one cell 
long: 4 inflorescence occupying a short branch; bracts in about 
six pairs, complicate, shortly bifid with obtuse lobes and sinus, 
inflated near the antical base and commonly with a short and 
often inflexed tooth at about the middle of the antical margin; 
bracteoles larger than the ordinary underleaves, ovate, more or 
less distinctly bifid with subulate lobes; antheridia borne singly : 
capsule oval; spores brownish, 12m in diameter, minutely ver- 
ruculose; elaters gm in diameter, bispiral: gemmae wanting. 
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In bogs or swamps, more rarely on sandy banks or rocks. MAssa- 
CHUSETTS: Woods Hole (Zvams). CONNECTICUT: New Haven (£aton); 
North Branford (Zvams). NEw York: Staten Island (Underwood, Mrs. 
Britton, Howe); Freeport, Long Island (Howe). NEW JERSEY: Delaware 
Water Gap and Closter (Austin); Locust and Highlands (Miss Haynes); 
Fort Lee (Howe); Avon (Loyd); Atsion (Evans). DELAWARE: Wilmington 
and Newark (Commons). DISTRICT OF COLUMBIA (//o/zinger). VIRGINIA: 
Nicks Creek, Marion, Dismal Swamp, and Virginia Beach (7/rs. Britton and 
Miss Vail). NORTH CAROLINA: Beaufort (Johnson). SOUTH CAROLINA: 
Summerville (J/tss Dubois). GEORGIA: Tallulah Falls (Underwood, Smal?), 
FLORIDA: Amelia Island (Za¢on); Grand Island, Lisbon, Eustis, and Bland- 
ton (Underwood); Port Orange and Lake City (Straus). ALABAMA: Mobile 
(Mohr). Mississippi: Bay St. Louis and Pass Christian (Lang/ozs); Ocean 
Springs (Seymour). MissouRI: Mine La Motte (Aussel/). ARKANSAS: Mal- 
vern (Aussel/), LOUISIANA: without definite locality (Drummond); Man- 
dersville, Covington, St. Martinsville, and Opelousas (Lamg/ozs). Also 
reported from Jamaica (Swartz), the type-locality, from various other stations 
in tropical America and from Europe (see page 323). 

Exsic.: Musc. Amer. St. Merid, 161 (as Jungermannia Sphagni) Musc. 
Alleg. 228 (as Jungermannia Sphagni, var. 1); Hep. Bor.-Amer. 61 (as 
Odontoschisma Sphagni); Hep. Amer, 36 (also as O. Sphagni); C. Wright's 
Hep. Cubenses, without number (as SPhagnoecetis prostrata). 

Very similar in appearance to O. prostratum are sterile speci- 
mens of Jamesoniella autumnalis (DC.) Steph. (=/ungermannia 
Schraderi Mart.), and the two species are often confused in her- 
baria, both being referred to O. Sphagni. J. autumnalis com- 
monly grows on decayed logs, but is sometimes found on shaded 
banks or on rocks.. It has succubous undivided leaves and is 
of about the same size as O. Sphagni. It is, however, quite des- 
titute of flagella; its leaves are not distinctly bordered, and its 
leaf-cells are slightly larger, averaging 21 in the middle of the 
leaf and 28m at the base. Of course, fruiting specimens of the 
Jamesoniella are very distinct, the perianth being terminal on a 
leading branch. 


OpONTOSCHISMA PORTORICENSE (Hampe & Gottsche) Steph. 
Hedwigia, 27: 296. 1888.— Plate XX, figs. 65-74. 


Sphagnoecetis Portoricensis Hampe & Gottsche, Linnaea 25: 343. 1852. 


Plants yellowish green, growing in depressed mats: stems 
prostrate, sparingly and irregularly branched, 0.35™™ in diameter ; 
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leafy branches varying in position from postical to lateral, 
flagella postical or terminating leafy branches, sexual branches 
(so far as known) postical; rhizoids scanty: leaves imbricated, 
plane or slightly convex, more or less crispate, oblong to 
ligulate, on robust stems reaching a length of 2™™ and a width 
of 1™", not margined, attached by an oblique line of insertion, 
slightly decurrent antically, more or less strongly dilated near 
the postical base, margin entire or irregularly sinuate, apex 
truncate or emarginate: leaf-cells averaging 23 in diameter at 
margin of leaf, 28m in the middle, and 32m at the base, with 
large, occasionally confluent, truncate or retuse trigones; cell 
cavities stellate with rather broad and truncate pits, cuticle 
thickened, smooth or minutely verruculose: underleaves minute, 
less than 0.1™™ long, ovate to broadly orbicular, apex commonly 
rounded; slime-papillae borne on the margin and on the postical 
surface, short-lived: inflorescence dioicous: 9 inflorescence on 
a short branch; involucral leaves in about three pairs; leaves 
of innermost pair free or slightly connate at the base, ovate- 
oblong, 0.1™™ long, 0.4™™ wide, bifid about one-third with narrow 
acute spreading lobes and narrow sinus, margin entire or 
irregularly subcrenulate, sometimes with one or more lobe-like 
teeth at about the middle of the sides; remaining involucral 
leaves shorter and relatively broader, those of the outermost row 
orbicular, shortly bifid, with acute tooth-like lobes; perianth 
linear in outline, 3™" long, 0.8™" wide, slightly contracted at 
the base and apex, terete (when old) in lower part, plicate in 
upper part, mouth irregularly lobed or cleft, the divisions ciliate 
with cilia one to five cells long: remaining parts not seen. 

PorRTO Rico (Schwanecke), the type locality. CuBa (Wright). 

Exsic.: C. Wright's Hef. Cudenses, without number (under a manu- 
script name of Gottsche). 


The type-specimen of O. Portoricense in the herbarium of the 
British Museum is a little less robust than some of the Cuban 
specimens distributed by Wright. It agrees, however, very 
closely with other specimens in Wright’s collection, and the 


latter are connected by a series of intermediate forms with the 
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robust specimens. There seems to be no reason, therefore, for 
considering the Porto Rican and Cuban plants distinct. 

There is no danger of confusing this very peculiar plant with 
any of our northern species of Odontoschisma. It differs from 
them, not only in its greater robustness, but also in its oblong to 
ligulate leaves with their edges parallel or nearly so except near 
the base. Other differences have already been indicated in 
discussing its relationship with Anomoclada mucosa. 


In the preparation of this paper I have received valuable 
assistance not only from the botanists already mentioned but 
more especially from Professor L. M. Underwood, Professor W. 
G. Farlow, Dr. M. A. Howe, and Mr. W. R. Maxon. Through 
the kindness of these gentlemen I have been allowed access to 
the valuable herbaria under their charge and have also been 
provided with material for study from their private collections. 


YALE UNIVERSITY. 


EXPLANATION OF PLATES XVIII-XX. 

The figures were drawn by the writer and prepared for reproduction by 

Miss Edna L. Hyatt. 
PLATE XVIII, 
Fics. 1-28. Odontoschisma Macounii (Aust.) Underw. 

Fic. 1. Part of a plant bearing a lateral branch with perianth, antical 
view. X 20, 

Fic. 2. Part of stem, postical view. X 20. 

Fic. 3. Male inflorescence, antical view. X 45. 

Fic. 4. Longitudinal section through female branch and young sporo- 
phyte, showing also the calyptra, two unfertilized archegonia, several slime- 
secreting hairs, the perianth and three perichaetial leaves; somewhat 
diagrammatic. X 45. 

Fic. 5. Median leaf-cells, surface-view. X 400. 

Fic. 6. The same, cross-section. x 280. 

Fic, 7. Marginal leaf-cells. X 280. 

Fics. 8, 9. Young underleaves. X 280. 

F1iGs. 10-12. More mature underleaves. X 280. 

Fic. 13. Cells from margin of a well developed underleaf. x 280. 

Fics. 14-16. Perichaetial bracts and bracteole, innermost row. X 20. 

FIGS. 17-19. The same, second row. X 20. 


FIGS. 20-22. The same, third row. X 20. 
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F1G. 23. Cells from middle of perianth. x 280. 

Fic. 24. Cells from mouth of perianth. x 280. 

FIGS. 25-27. Perigonial bracts. x 45. 

Fic. 28. Gemmae. X 400. 

Figs. 9, 11 and 12 were drawn from Minnesota specimens collected by 
Holzinger; the remaining figures were all drawn from the Yukon specimens 
collected by Macoun. 


PLATE XIX, 
FIGS. 29-34. Odontoschisma Gibbsiae Evans. 

FiG. 29. Part of stem, gemmiparous and with three-ranked leaves 
above. X 18. 

F1G. 30. Part of stem, postical view. X 18. 

Fic, 31. Median leaf-cells. X 350. 

FIG. 32. Marginal leaf-cells. X 250. 

Fic. 33. Young underleaf. xX 250. 

Fic. 34. More mature underleaf. x 250. 
The figures were all drawn from the type specimens. 


FIGS. 35-38. Odontoschisma denudatum (Mart.) Dumort. 


F1G. 35. Median leaf-cells. x 350. 
Fic. 36. Marginal leaf-cells. x 250. 
Fic. 37. Young underleaf. X 250. 
Fic. 38. More mature underleaf. x 250. 
The figures were drawn from Connecticut specimens collected by the 
writer. 
FiGs. 39-41. Odontoschisma Sphagni (Dicks.) Dumort. 


F1G. 39. Median leaf-cells. x 350. 

Fic. 40. Marginal leaf-cells. x 350. 

Fic. 41. Underleaf, antical view, not showing the slime-papillae on the 
postical surface. x 250. 

The figures were drawn from specimens distributed in Gottsche and 
Rabenhorst’s //ep. Eur. 399. 


> 


FiGS. 42-54. Odontoschisma prostratum (Swartz) Trevis. 

Fic, 42. Part of a plant bearing a postical branch with perianth and a 
postical sterile branch. x 18. 

Fic. 43. Part of stem, antical view. xX 18. 

Fic. 44. Part of stem, lateral view, showing flagella. * 18. 

Fic. 45. Male inflorescence, antical view. X 40. 

Fics. 46-48. Perichaetial bracts and bracteole, innermost row, X 18. 

FiGs. 49-51. The same, second row. X 18. 


Fics. 52-54. The same, third row. X 18. 
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PLATE XX. 
FIGs. 55-64. Odontoschisma prostratum (Swartz) Trevis. 
5, 56. Median leaf-cells. X 350. 
7,58. Marginal leaf-cells. < 250. 
F1G. 59. Young underleaf. X 250. 
F1Gs. 60-62. More mature underleaves. X 250. 
Fic. 63. Cells from mouth of perianth. X 250. 
Fic. 64. Perigonial bracteole. xX 250. 
Figs. 56, 58, 61 and 62 were drawn from Cuban specimens distributed by 


FIGs, 5 
FIGS. 5 


Wright; the remaining figures were drawn from Connecticut specimens 
collected by the writer. 


Fics, 65-74. Odontoschisma Portoricense (Hampe & Gottsche) Steph. 


Fic. 65. Part of stem with lateral branch, antical view. Xx 18. 

Fic. 66. Part of stem, postical view. X 18. 

F1G.67. Female branch with perianth. xX 18. 

Fic. 68. Median leaf-cells. x 350. 

Fic. 69. Marginal leaf-cells. X 250. 

Fic. 70. Underleaf. X 250. 

FIGS. 71, 72. Innermost bracts and bracteole from the same involucre. 
X 24. 

FiG. 73. Innermost bract from another involucre. X 24. 

Fic. 74. Cells from mouth of perianth. X 250. 

The figures were all drawn from the specimens distributed in C. Wright's 


Hepa ticae Cubenses. 
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THE VEGETATION OF THE BAY OF FUNDY SALT 
AND DIKED MARSHES: AN ECOLOGICAL STUDY. 
CONTRIBUTIONS TO THE ECOLOGICAL PLANT-GEOGRAPHY 

OF THE PROVINCE OF NEW BRUNSWICK, NO. 3. 
W. F. GANONG. 
(Continued from p. 302.) 
Synopsis of the grouping of the vegetation of the marshland. 


A. HALopuytic pivision, including the halophytic formations 
or HALOPHYTIA. 


1. Wild salt-marsh formation (Limnodium). 


1. Spartina stricta or sedge association, or SPARTINETUM. 
2. Salicornia-Suaeda or samphire association, or SALICORNETUM. 
3. Statice-Spartina juncea or fox-grass (mezotte) association, or 
STATICETUM. 
B. MEsopuyTic DIvistoN (Culture section), including the meso- 
phytic formations or MESOPHYTIA. 
Il. Reclaimed  salt-marsh formation= meadow formation 
( Potum). 
4. Phleum-Agropyrum or “mothy-couch association, or PHLEUM- 
ETUM. 


e 


5. Roadside weed association, or CNICETUM. 
C. Hypropuyric Division, including the hydrophytic formations 
or HypROPHYTIA. 
Il. Wet-marsh formation (Telmatium). 
6. Spartina cynosuroides or broadleaf association, or MACROSPAR- 
TINETUM. 
7. Carex-Aspidium or dog-marsh association, or ASPIDETUM. 
IV. Bog formations. 
8. Carex-Menyanthes or floating bog association, or CARICETUM. 
g. Heath or flat-bog association, or ERICETUM. 
10. Sphagnum or raised bog association, or SPHAGNETUM. 
V. Water margin formation (Nematum). 
VI. Swamp formation ( Helorgadium). 
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A. HALOPHYTIC DIVISION (HALOPHYTIA),. 


Consists of herbaceous plants of compact low growth, small size, 
and xerophytic structure, these features being determined by the 
presence of much salt, which both prevents the ready absorption of 
water requisite for large size and diffuse habit, and also, being itself 
enjurious to the vital processes and not removable by plants from the 
absorbed water, requires the development of water-conserving adapta- 
tions to prevent its concentration in the tissues by transpiration. The 
division here includes but a single formation. 


1. THE WILD SALT-MARSH FORMATION (LIMNODIUM). 

Consists of slender-rooted and surface-following grass-like 
plants (this feature being determined by the fineness and com- 
pactness, and hence the poor aeration of the soil, which does 
not permit thick roots), mostly wind- or self-pollinated and wind- 
disseminated and late blossoming. The area of the salt-marsh 
has been restricted to a small fraction of the original area by 
reclamation through diking, and includes at present only a fringe 
outside the dikes,3%° together with certain points (shown in 
jig. 2) unprofitable from their form to dike. The formation here 
includes three associations. 

I. THE SPARTINA STRICTA, OR “SEDGE” ASSOCIATION, OR SPARTINETUM. 

The characteristic association of the immediate edge of the 
salt water extending typically as a belt just above and below 
ordinary high-tide mark and further distinguished to the eve by 
its bright green color, and the stiff habit and close growth of its 
plants ( figs.7, 8, 9, 70, rz). It extends also in isolated clumps 
much below high-water mark (the ‘tsedge-bogs’’), follows the 
ditches inside the dikes, occupies depressed areas amongst the 
Staticetum on high marsh, and takes possession of the lakes in 
process of reclamation. The association comprises but a single 
vegetation-form as follows:37 

3¢This fringe extends not only along the sea but also along the rivers to near 


their heads (as shown by fg. 7), though for the sake of clearness this is not shown on 
the map, fg. 2. 


37 There occurs sometimes with it, or at all events in its situation, and especially 


on the little “cliffs”? where the high marsh is being worn away, an abundance of a 
green alga, Enteromorpha clathrata (Roth.) J. Ag. (auc. G. T. Moore). 


| 
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SPARTINA STRICTA GLABRA Gray. Spartina stricta maritima 
(Walt.) Scribn. Figs, g-70.—Called in the marsh country sedge 
(usually pronounced “sage’’). The most characteristic and extreme 
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Fic. 7.— Diagrammatic map of a typical portion of the marshland, showing the 
ideal distribution of the principal associations (excepting the Aspidetum, on which 
see infra). In the upper left hand is a lake in process of reclamation; on the river 
banks are represented three of the “‘sedge-bogs.” The line AA is the position of the 


cross-section shown in fg. 8. 
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salt-enduring plant (halophyte) of the marshes, following every- 
where except on the newest marsh the margin of thesalt water, 
from the open sea, where it is stunted to 6™ (15°) or less in 
height, along the tidal rivers, where it forms on their sloping 
banks much below high-tide mark dense clumps of a few square 
feet in area (locally called ‘‘sedge-bogs”), following the salt 
water through leaky sluices inside the dikes, and elsewhere in 
ditches behind the dikes, and reaching its perfection of size, 
some 3 to 4 * (1 to 1.30™) in the brackish water of the lakes in 
process of filling with new mud. It is the dominant and the 
only member of the association (Spartinetum) in which it occurs. 

This species is a very typical representative of an important 
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Fic. 8.—Cross-section of the region represented in fg. 7, at the dotted line. 


vegetation-form. It consists of a system of perennial branching 
rootstocks running just beneath the surface, well sheathed by 
leaf bases, giving off extremely slender roots, protected by a 
fine-celled, thick epidermis and containing numerous large air 
passages, which, in connection with those of the leaves, explain 
the plant’s power to withstand prolonged immersion. From the 
rootstocks rise frequent short vertical stems,completely and tightly 
enwrapped and protected by the bases of the half dozen or more 
stiffly erect, more or less inrolled slender leaves, their sizes 
varying inversely with the degree of salt to which they are 
exposed. The leaves are smooth on the back, which is covered by 
a very small-celled, thickly cutinized epidermis supported by a 
collenchymatous and sclerenchymatous hypodermis, and is prob- 
ably quite impenetrable to water and gases; their inner face, 
however, is folded into deep grooves, at the bottoms of which lie 
few stomata, with the large water-storing cells near them. The 
mechanism appears to be such that the fulness of the latter cells 
holds the leaf flat, thus opening the grooves, giving the stomata 
free outlet to the atmosphere outside, but the withdrawal of 
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some of this water allows the elastic back to curl the leaf and 
close up more or less the grooves and hence protect the stomata, 
one of the most efficient regulatory mechanisms to control trans- 
piration according to water supply known to me. Chlorenchyma 
is palisaded especially towards the inner face; large air spaces 
exist, communicating with those of the root, and the epidermis 


is not wetted by water, all permitting the immersion of the plants 


al - 


weirs: 26 Mes ~*~ 





FG. 9.—Showing the three typical associations of the salt marsh. The Sparti- 
netum on the left and the Staticetum (with its marginal Statice) on the right are 


advancing upon the Salicornetum in the center. 


for some time. It propagates apparently mostly by root- 
stocks, and good seeds and seedlings appear to be rare. It is 
wind-pollinated and wind-disseminated. 

Its specific physiological correlations appear to be unstudied. 
On account of the failure of all my seeds to germinate, I was 
unable to determine the resistance of its root-hairs to plasmolysis, 
but analogy with Salicornia would lead us to expect a high degree 
of resistance. 3° 

>It seemed to me likely that the power of the halophytes to stand salt might be 


connected with a power in their root-hairs to withstand plasmolysis by sea water. 


Accordingly | procured some pure sea-water from Baie Verte, N. B., and, with distilled 
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The ability of this form to occupy its peculiarly trying habitat, 
with its abundant salt, frequent and prolonged immersion, and 
shifting substratum are amply explained by its adaptive struc- 
tures above considered, notably its xerophytic anatomy combined 
with a very perfect transpiration-regulating mechanism, its 
capacity for copious air storage, and its system of interlacing, 
firmly anchored rootstocks, to which may be added the probable 
specific power of its root-hairs to resist plasmolysis by salt water. 
It is of course because no other plant possesses anywhere near 
the same combination of qualities that it reigns supreme, without 
competitor or companion, in its own peculiar habitat. There 
are forms which can stand as much immersion, and forms 
which can stand as much salt, but no forms which can stand 
a combination of these two conditions in so extreme a 
degree. 

Like all other associations it tends to spread outside its own 
typical habitat. With the slow, irresistible, phalanx-like advance 
of its rootstocks, it easily enters the habitat of the Salicornetum, 
and utterly defeats and destroys that association ; it then advan- 
ces upon the Staticetum against the margin of which it can pre- 
vail, to some extent, but ultimately it is overcome by that 
association, excepting where depressions with their salter soil 
enable colonies of it to thrive. In the lakes it is finally over- 
come by the broadleaf. 


water, made solutions of all strengths from 10% to 90%. _—‘I gathered all the seeds of 
halophytes I could procure myself or by aid of a correspondent at Sackville (Mr. F. A, 
Dixon), and started them with fresh water in Zurich germinators. As soon as root- 
hairs appeared I tested them with the various solutions, and noted for each kind the 
solution which just initiated plasmolysis. I found a close correspondence between 
the halophilism of the plant and the power of its root-hairs to resist plasmolysis, the 
details being given with the various species in the following pages. This shows that 
the power of the plants to resist the salt water is correlated with and probably dependent 
upon the ability of the root-hairs to resist plasmolysis. This power has of course 
been gradually acquired, but what its physical basis is I do not know; though we shall 
probably find that substances osmotically equivalent to the salt of the sea-water have 
been formed in the sap of the hairs. In several cases (Hordeum, Couch) it was notice- 
able that no plasmolysis occurred with certain solutions as long as the hairs were alive, 
but it occurred after they were dead. Several forms (Statice, Plantago) showed marked 
jelly-like caps to the young roots, seemingly an adaptation to slower water-entrance. 
The study of the roots of these halophytes will give interesting results. 
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2. THE SALICORNIA-SUAEDA OR SAMPHIRE (LOCALLY CROWFOOT) ASSOCIATION, OR 
SALICORNETUM. 


The characteristic association of the newly formed and form- 
ing marsh, occurring typically from the lowest high-tide marks 
to the highest marsh, hence overlapping the territory later 
occupied by the Spartinetum from below and the Staticetum 


from above, and further distinguished by its usually loosely open 





Fic. 10.— Showing Spartinetum on the left (and occupying a depression on the 
right) advancing upon the Staticetum (showing Statice clearly) in the center. Sali- 


cornetum obliterated between them as an association, but occurring as scattered 
individuals in the other associations. ‘The fence-like structure is a protection to the 
dikes against the wash of the sea. 

formation, the small size and succulent habit of its members, 
and their usually reddish color (figs. 7, 8,9, 72). It extends 
inside the dikes, especially on newly flooded marsh, along the 
marsh roads and onthe bald places, and uponany newly exposed 
marsh soil, as on new dikes, ditch margins, dredge-mud, etc. It 
is especially well developed where cattle run on the salt marsh, 
apparently because the cattle keep down the Spartinetum and 
Staticetum. In general its members are smaller, more stiffly 


upright, sparser, and redder the salter the place, and are more 
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luxuriant, larger, more spreading, and greener the fresher the 
place. 

The association is composed of two dominant members, 
Salicornia herbacea, or samphire, and Suaeda linearis, which 
appear to be as a rule about equally abundant and prominent, and 
of two secondary forms, especially coming in on the higher and 
drier side, Spergularia borealis and Atriplex hastatum patulum. 





Fic. 11.—Showing Spartinetum on the river bank on the right advancing on the 
Staticetum on the left, with contact line in the center. The Statice can be seen 
within the margin of the Spartinetum. In the background is an aboideau crossed 
by a railroad. 


SALICORNIA HERBACEA L,—Called in the marsh country crow- 
foot, and sometimes samphire. Next to the Spartina the most 
abundant and characteristic halophyte of the marshes, mixing 
occasionally with the Spartina, but commonly in a belt landward of 
it and hence in less wet situations; especially characteristic of the 
zone between the high-tide marks of neap and spring tides, and 
of newly forming marsh on convex river curves, where it is often 
the only plant for considerable areas, but being an annual it is 
somewhat irregular in distribution (figs. 9-72). In the saltest 
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places it is not over three inches (8™) in height, red in color, 
and stiffly erect; extends also inside the dikes on the bald places 
and along the roads, where it may become several times larger, 
decumbent and spreading and clear green. The dominant mem- 
ber of the Salicornetum. 

Its vegetation-form is well-known and characteristic. It is a 


fibrous rooted annual, with a jointed, branching, succulent, prac- 





Fic. 12.— Showing a typical piece of Salicornetum on new marsh. 


tically leafless stem, tending to verticality of green tissues, 
varying in size inversely with the saltness of the habitat. Its 
anatomy is markedly xerophytic, for in addition to the reduction 
of surface, the jointing and verticality described above, it pos- 
sesses a compact stele (with cortical system of bundles replacing 
those of the abandoned leaves) thick water-storing cortex, dense 
palisaded chlorenchyma, small-celled thick-cuticled epidermis, 
small and narrow-slitted stomata, all markedly xerophytic fea- 
tures. The air storage system, however, is limited, consisting of 
intercellular spaces of ordinary size, and certain air-storing 


tracheids near the stomata. This is sufficient, however, to per- 
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mit the occasional immersion which the plant undergoes at 
the higher tides, but is insufficient to permit immersion so pro- 
longed as that of Spartina. It is this feature that determines 
the difference in position of the two plants; the Salicornia can 
apparently stand as much salt as the Spartina, but it cannot 
stand long immersion, and hence it is confined to a higher 
position on the river banks.39 

The physiological correlations of the species appear not to 
have been studied. I have, however, found that the root-hairs 
of the seedlings can withstand without plasmolysis a solution of 90 
per cent. pure sea-water, which fact helps to explain its halophytic 
capacity. It is wind-pollinated, and apparently, wind-dissemi- 
nated, though the seeds are provided with hooked hairs. It 
appears to me to be polyembryonic. 

SUAEDA MARITIMA Dumort. Dondia maritima (L.) Druce.— 
Appears to have no local name. Occurs most commonly inter- 
mixed with the Salicornia, though extending into less salt places, 
and forming the second member of the Salicornetum (fig. 12). 

Vegetation-form in a general way approaching that of Sali- 
cornia, but a leaf- instead of a stem-succulent and much less 
markedly xerophytic. Its root-hairs can endure 60-70 per cent. 
salt water without plasmolysis. Fibrous-rooted annual with semi- 
succulent stem, usually prostrate but sometimes in saltless places 
erect, with efficient epidermis having a thick cuticle and much 
collenchyma, bearing numerous somewhat succulent bluish green 
slender leaves which can be up to 2 (5°) long. Leaves 
with large rounded epidermal cells, and stomata about equal on 
all faces, dense palisaded chlorenchyma and some water-storing 
cells. The leaves afford some protection against transpiration 
to one another and the stem by overlapping. Little trace 
of air-storing system, and hence not enduring immersion well, 
which explains why it grows rather higher on the beaches than 
the Salicornia. It is wind-pollinated and apparently wind- 
disseminated. 

SPERGULARIA BOREALIS Robinson. 7?ssa Canadensis ( Pers.) 


39 Diehl’s conclusions that this plant has a power of removing salt chemically from 
its tissues are not substantiated. 
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Britton.—Apparently has no local name in the marsh country. 
Occurs to some extent with the Suaeda and Salicornia but be- 
longing to less salt and wet places than either, and hence 
characteristic of the very highest and driest spots of the wild 
marsh; especially prone to wander inside the dikes on low places 
and along the roads. 

Vegetation-form nearly identical with that of Suaeda, but 
smaller, more profusely branched and decumbent, and more leafy, 
with the leaves somewhat more slender. It is of a_ brighter 
green than the preceding, and unlike any of the preceding, bears 
pale pink or whitish star-like apparently entomophilous flowers. 

ATRIPLEX PATULUM L., vars. Aastatum Gray and Littorale Gray. 
Atriplex patula L.. and A. hastata L.— Appears to have no recog- 
nized local name. Occurs with the Salicornia and Suaeda, 
especially on their drier side, when it is not’ much taller than 
they, as a rather inconspicuous member of the Salicornetum, but 
extends also upon the dikes, when it occurs as a band, usually 
on the inner, lower side of the dikes; extends also within the 
dikes, especially upon newly flooded marsh, where it may 
become waist high. 

The species represents a distinct vegetation form, a fibrous- 
rooted annual with erect stem and petioled hastate (var. /asta- 
tum) or linear (var. /tttorale) leaves, the whole plant varying in 
size from a few inches on the saltest places to near 3 (1™) on 
newly flooded marsh. The plant exhibits in its vertically adjust- 
able leaves which are extremely well marked in the young state 
on the salt marsh, in its thick cuticle, dense palisade, and its 
abundant covering of scales (giving it its characteristic scurfy 
or mealy appearance ), xerophytic adaptations, adapting it to its 
halophytic habit. Its root-hairs endure nearly 40 per cent. salt 
water without plasmolysis. There appears to be no constant 
relation between the distribution of the linear and the hastate 
leaved forms and the environment, though each kind occurs as 
a rule largely by itself. It is wind-pollinated and wind-dissem- 
inated. 

The chief characteristics of this association as a whole, its 


rapidity of appearance on new marsh and its ability to endure 
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much salt but little immersion, are amply explained by the 
adaptations of the members above described, notably their annual 
character and excellent mode of dissemination, their xerophytic 
structure, and the power of salt resistance possessed by their 
roots (at least in the two dominant members). 

The members of the association grow often fairly intermingled, 
but elsewhere one or the other form may predominate, even for a 
considerable area, to the exclusion of the others. This irregular- 
ity of commingling is probably due to the fact that, all of them 
being annuals, the precise place of their occurrence in any given 
year is largely a matter of accident, due to the way the seed dis- 
tributing agencies of wind and water happened to drift them the 
preceding year. Another irregularity comes from the general 
tendency for the Salicornia to be nearest the water, the Suaeda 
next, the Spergularia and Atriplex last, a distribution amply 
explained by the comparative degrees of xerophilism and air- 
storing capacity of the members, as above described. 

Since the members are all annuals, all of nearly the same size, 
and all grow in an open order interfering little with one another, 
it is possible that this association is simply a mixture of forms 
which happen to be adapted to a similar habitat, with no ecolo- 
gical bond, but only coincident interests, between the members, 
Indeed, in the present state of knowledge, it is impossible to say 
that this is not the case with the members of all associations, 
though I think not, as will later be discussed. 

Although thus very prompt to take possession of new marsh, 
this association can hold its ground only temporarily, for the 
slow-moving Spartinetum advances upon it from below, and the 
Staticetum upon it from above, until between the two it vanishes, 
and disappears as an association from old marsh, existing only 
as scattered individuals, visitors, among the other associations. 
It represents a sort of annual light infantry quick to occupy new 
territory, but easily displaced by the resistless advance of the 


heavy phalanxes of the perennial associations. 


new marsh makes it the first to appear on the new surface pro- 


duced by artificial flooding. When the tide is shut out all the 











1903] VEGETATION OF THE BAY OF FUNDY MARSHES 301 


members increase immensely in size, even, in the case of Atriplex, 

to waist high, after which they are displaced by the perennials. 

But this subject will be considered later under another heading. 

3. rHE STATICE-SPARTINA JUNCEA,OR FOX-GRASS (LOCALLY MEZOTTE) ASSOCIATION, 
OR STATICETUM.4 

The characteristic association of the highest salt marsh, over- 


flowed only by exceptionally high tides, and representing the 


highest development of salt-marsh vegetation—its matured con- 
dition (figs. 7, 8, 9, 10, 11, 73, 14). Distributed on all the 





FiG. 13.— Typical piece of mature Staticetum showing Hordeum (barley-grass,) 
srominent in the center, and some scattered Spartina cynosuroides (broadleaf), etc. 
/ 


‘The finer grass is the Spartina juncea (fox-grass), and with it is some Statice. 


highest parts of the wild salt marsh, and occupying the berme- 
bank built by the sea along the rivers outside of the dikes, and 
distinguished by its dull-green color in various shades, and the 
very dense, almost turf-like growth of its grass-like plants., It 
forms real salt meadow (yielding the salt-marsh hay), but is little 
luxuriant as compared with the meadows of the reclaimed marsh. 
It does not often, if at all, extend as a whole within the dikes, 
although some of its members do. Its dense growth appears to 
enable it to stop some of the mud brought to it by the very high- 

49Statice is not so characteristic of this formation as is Spartina juncea, and it 
would be better called Spartinetum were that name not preempted for the Spartina 


stricta association, which latter having but a single member, of course admits of no 
other name. 
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est tides, by which, with the aid of its own decaying parts, it can 
build itself somewhat above the marsh, thus affording conditions 
for a limited mesophytic herbaceous vegetation, though this 
appears never to go very far, and never to include any woody 
plants whatsoever. In other places, small abrupt knolls of 
similar vegetation occur, which appear to be due to low hillocks 
pushed up by floating ice, though this point is uncertain. This 
association is composed of two dominant, with several secondary 
and some occasional members, as follows: 

STATICE Limonium CaROLiNniIANUM Gray. Limonium Caroli- 
nianum (Walt.) Britton.—Locally called wild cabbage. A very 
characteristic plant of the marshes, an important member of the 
dense vegetation of the high marsh with which it is much inter- 
mixed, and beyond which it extends in scattered clumps on new 
marsh, thus forming the vanguard in the advance downward upon 
the Salicornetum; also frequently in a band along the lower 
outer side of the dikes (figs. zo, 77). 

A very marked vegetation-form, and the only one of the kind 
on the marsh; a rosette perennial, producing a cluster of radical 
petioled broad smooth leaves, usually so numerous as to afford 
one another much protection, and capable of much change of 
position according to surroundings. The plants are smallest on 
the saltest places, with leaves but 2-3 (5-8°™) long, and largest 
on the high grassy marsh when the leaves may be nearly 12'"( 30°) 
long. Its leaves, stem, and root all possess a very abundant 
mucilage (apparently its chief xerophytic character), occurring 
even in the epidermis, and apparently intermixed with much 
tannin (which turns the plant black in formalin), a well but not 
extremely developed epidermis and cork. Its root-hairs can 
endure 50 to 60 per cent. of salt water without plasmolysis. It 
appears to attain its full size in a single season from seed, which 
explains the rapidity with which it takes possession of new 
marsh. It blossoms very late (in full bloom August 27, 1899), 
like other halophytes. Insect- and wind-pollinated. Like some 
other halophytes, it forms a jelly coating around its young roots, 
especially at the cap. 


PLANTAGO MARITIMA L.—Locally called goose tongue. Occurs 
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abundantly among the Statice, especially as the latter advances 
on new marsh and at times in areas by itself; also sparingly 
with the Spartina juncea, as a fairly constant but not prominent 
member of the Staticetum. 

A distinct vegetation-form, a stemless perennial with radical 
cluster of a few succulent linear leaves, giving it a somewhat grass- 
like habit. Its structure is moderately xerophytic, with thick 
cuticle and densely palisaded chlorenchyma. Wind-pollinated 
and wind-disseminated. Its size varies from 3 or 4 (7—10°™) 
high in the saltest places to 12™ (30°) in less salt places. It forms 
a jelly coating over its root cap, and can withstand nearly 60 
per cent. of salt water without plasmolysis. 

SPARTINA JUNCEA Willd. Spartina patens ( Ait.) Muhl.—Fox 
grass or mezotte.#* The most abundant and characteristic g 
the high salt marsh, intermingled with the other plants 


rass of 
in the 
Staticetum, and also occurring in dense mats, especially in the 
slight depressions next the dikes. Rarely cut for hay. (Figs. 
13, 14.) 

A representative vegetation grass-form, composed of slender 
branching rootstocks, sending down very slender roots, and send- 
ing up very copious culms 6—12™ (15-30%) in height, bearing 
slender inrolled leaves of somewhat xerophytic structure. 

PUCCINELLIA MARITIMA Parl.—Occurs amongst the Statice in 
isolated bunches, and also in larger isolated patches amongst the 
Spartina juncea. Distinguished from the Spartina by its larger 
size, lighter color, and tendency to grow in radiating tufts. 

A vegetation-form not very different from the Spartina juncea 
but tending to grow somewhat after the manner of a bunch grass, 
especially as it appears on new marsh. 

Frstruca ovina L.##—Occurs intermingled with Spartina juncea 
and Puccinellia, and very like them in vegetation type. 

Juncus GERARD! Loisel.—Black grass. Occurs in dense radi- 

4*So pronounced locally; it is an Acadian French word, used (as misette) in 1685 


or earlier (Casgrain, Un pélerinage au pays d’Evangéline—29. Paris, 1890.). 


42 When the Puccinellia and Festuca grow together densely, as they sometimes do 
on the marsh, it is not easy to distinguish them unless in blossom, and I may be some 
what in error as to their relative abundance and part in the association. It is pos- 


sible, too, that some Others may occur which for this reason I have missed. 
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ating clumps in the Staticetum, but not especially abundant. 
Vegetation-form approaching closely to the grasses amongst 
which it grows. 

TRIGLOCHIN MARITIMA L.—Scattered irregularly and not 
abundantly in the Staticetum, but more abundantly on the wet 
fresh marsh. Vegetation-form closely approaching the grasses 
amongst which it grows. 


HorDEvUM JuBATUM L.—Barley grass. Occurs upon the highest 








Fic. 14.—Showing a dike with Agropyrum (Couch) on the left, and typical 
Staticetum on the right. Beside the dike, in the center, is a zone of pure Spartina 
juncea (fox-grass). 


part of the salt marsh (fg. 73), where it often is in great abun- 
dance and very conspicuous; also on the dikes in places, and 
especially abundant upon newly flooded marsh. 

Vegetation-form near to other grasses, but with an unusually 
perfect system of dissemination, and apparently able to grow as 
an annual, whence the rapidity with which it enters new places. 
Its root-hairs stand over 40 per cent. pure salt water without 
plasmolysis. 


GLAUX MARITIMA L.— Occurs scattered among the other 
members of the Staticetum, and apparently little gregarious. 
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A perennial herb of somewhat fleshy structure, not occurring 
in as salt places as its appearance would imply. 

All of the members of this association are characterized by a 
moderately xerophytic structure, but with little provision for air 
storage, explaining well their position as occupants of the high 
marsh, which is rarely overflowed and from which a part of 
the salt at least is removed by superficial drainage. 

The dominant members of the association are the Spartina 
(fox-grass or mezotte) and the Statice, with the Puccinellia and 
Plantago as important secondary members, and Festuca, Jun- 
cus, Triglochin, and Hordeum as less important, while Glaux is 
subordinate. The Spartina is the most important of all, forming 
the greater part of the association on the high marsh, and occur- 
ring here and there, especially in the slight depressions just out- 
side the dikes (fig. 74), in large stretches unmixed with the others. 
In such places it forms a dense close turf. Elsewhere the Sta- 
tice occurs intermingled with it (figs. 9, 13,74), probably in such 
positions deriving some protection from transpiration for its 
broad leaves by the shade of the Spartina, but the Statice is especi- 
ally important as the marginal member of the association particu- 
larly in its advance upon new marsh (figs.9, 70,77). It advances 
upon and displaces the Salicornetum, and then engages the Spar- 
tinetum advancing up the beach, the two associations mingling 
along the line to some extent (figs. 70, 77). The line of con- 
tact between these two represents one of the lines of competi- 
tion to which I have given much study, with no results of value. 
When advancing in this way upon new marsh the Statice often 
forms so distinct a band that one is tempted to assign it to an 
association by itself, the more especially as it also so often 
occurs in a band on the angle of the dikes just inside of the fox- 
grass (fig. 75); but the luxuriance with which it grows along 
with the fox-grass shows it to be properly a member of the 
same association with that, while its distinctness on new marsh 
is plainly due simply to its more rapid power of spread. Closely 
following and intermingling with the Statice comes the Plantago, 
which also sometimes exhibits an indistinct band by itself, par- 


ticularly between fox-grass and Statice. Intermingled with the 
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fox-grass comes the Puccinellia, which occurs in scattered dense 
radiating clumps, like a bunch-grass, in part here and there 
amongst the fox-grass, from which it is distinguished by its 
lighter color, and in part as scattered clumps on new marsh fol- 
lowing the Statice in its advance. The Festuca is less common 
but grows somewhat after the same manner, as indeed does the 
Juncus or black grass. Triglochin occurs scattered among the 
other members, and seems equally at home here and in the fresh- 
water associations later to be noted, and Glaux is likewise scat- 
tered. Hordeum comes in only when the association reaches 
its greatest development on the highest marsh, and it occurs 
often as a band on the dikes above the other members. Scat- 
tered plants of Spartina stricta, Salicornia, Suaeda and Atriplex 
also occur as visitors, especially with the Statice. When this 
association reaches its greatest development on the highest 
marsh, it consists of a dense closed growth of all of the forms 
intermingled, and this constitutes the characteristic mature marsh. 
Upon it then develops the Hordeum (fig. 73). In this condi- 
tion it can apparently build itself somewhat above the general 
marsh level, in part through the aid of the mud held by the 
plants when brought to them by the occasional extreme tides, 
and in part from the decay of their own members; and upon the 
higher places of this kind come in the occasional visitors, the 
broadleaf (Spartina cynosuroides), the couch ( Agropyrum vulgare) , 
Potentilla anserina, goldenrods, and others. But these represent 
the highest development; so far as any parts of the marshes 
now show, no woody vegetation ever gains a foothold. 

It is plain that within this association while the members 
occur variously intermingled, there is some differentiation of 
position. Thus, typically the marginal member is the Statice, 
which is followed by the Plantago and the Puccinellia, while 
the fox-grass comes next, then the Festuca, Juncus, Triglochin, 
Glaux, and finally the Hordeum. Further, the marginal members 
tend to some extent to lessen, or even disappear towards the 
central or higher parts. This tendency to a zonal arrangement 
shows itself with great clearness upon the outer faces of the 


dikes, where there is usually a band of Statice at the lower angle, 
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then above it comes often a band of the Hordeum, above which 
comes the couch, later to be noticed. 

The true ecological relationships of the several forms to one 
another, to what extent they are brought together simply by 
coincident habitat, to what extent they are of mutual benefit or 
disadvantage, to what extent some profit by the presence of 
others and those others are indifferent to them, to what extent 
and by what method they compete with one another, is unknown, 
and must be determined by the studies of the future. Such 
hints as we have upon these matters are little better than guesses, 
and such they will remain until thorough experimental study shall 
give the answer to these most difficult problems. 

Theinterrelationsof the three associations within the salt marsh 
formation have been sufficiently indicated in the preceding 
pages. In summary, the Spartinetum is the association of the 
extreme position where higher plant life is possible; the Salicor- 
netum is the temporary association of new marsh; the Staticetum 
is the permanent association of the salt marsh in its highest 
natural state of development. On old marsh, the Spartinetum 
and Staticetum come together, obliterating the Salicornetum. 
The adaptations determining this distribution are known to us 
in a general way, but in details hardly at all. 


(Jo be concluded.) 











AN ECOLOGIC STUDY OF THE FLORA OF MOUN- 
TAINOUS NORTH CAROLINA. 


JoHN W. HARSHBERGER. 


(Concluded from p. 258.) 
THE VEGETATION OF THE MOUNTAIN REGION. 


THE characteristic features of the vegetation of this whole 
region are found in the broad-leaved species, of which it is 
largely composed, associated with deciduous and evergreen 
shrubs, while lianes stretch from tree to tree, and herbaceous 
plants grow beneath the dominant forest species, or clothe the 
natural meadows of the higher mountain summits and the alluvial 
bottoms of the principal mountain streams. The association of 
these plants in the forest is largely due to their relation to light, 
soil, and moisture. ° 

Relation to ight.—All\ trees require a certain intensity of light 
for photosynthesis. Hence weak light is injurious; otherwise 
there is no reason why the foliage in the interior of the crowns 
of the trees should not be as dense as near the periphery. 
Marked differences occur among the various species of trees 
with regard to the measure of light necessary, and though 
affected by soil and situation, these differences are sufficient to 
admit of classification into tolerant and intolerant species; that 
is, into shade-bearing or light-demanding trees, and trees that 
occupy an intermediate position.*> The different trees of the 
forests of North Carolina may be classified accordingly, as to 
their tolerance : 

Sugar maple, flowering dogwood. 

Hornbeam. 

Red maple, yellow oak, beech. 

Butternut, black walnut. 

Witch hazel, chestnut oak, white oak. 


25 NISBET, Studies in forestry 54. 1894. FOLEY, JOHN, Conservative lumbering 


at Sewanee, Tennessee. Bureau of Forestry, Bull. 39. 
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White ash, umbrella tree. . 

Sweet gum, sycamore. 

Locust, black cherry, sassafras. 

Cucumber tree, chestnut. 

Tulip tree. 

The vegetation of such a district, therefore, is in superposed 
layers or stories. The different levels at which plants grow is a 
direct response to the environmental conditions of light and 
moisture. These stories or layers may be termed vegetal strata. 
It is evident that, as one ascends from the ground to the crown 
of the dominant forest trees, the moisture content of the air 
decreases as the light increases. On the ground in the forest, 
mosses, ferns, and a variety of shade-loving herbaceous plants 
abound on the rotting timber, or on the mold. 

A relationship exists between the amount of available light 
and the character of the vegetation in the forest.” Almost all 
of the plants growing in the shade can adapt themselves to living 
in the open, exposed to the full force of the sunlight. In fact, 
when the timber is removed, the grass-grown or wood-grown 
clearings show many woodland species competing with the plants 
which always at first take possession of such deserted areas. 
Few, however, can adjust themselves to loss of light. When 
deprived of a large amount of light by the growth of the forest 
crown in density, only those species remain which are truly 
shade-loving. This difference of behavior explains why so few 
herbaceous plants are found beneath the dense shade of the hem- 
locks and rhododendrons. Mitchella repens,”” Viola rotundifolia, 
Galax aphylla, Leptorchis liliifolia, Peramium pubescens, and 
Listera Smallii seem to be the more common plants tolerant of 
the shade of the forest. On the higher mountains, the conifer- 
ous forest acts in the same way, for when the dominant trees are 
removed, or the close crown broken, many herbaceous plants 
spring up and cover the ground. 

Another noteworthy fact, which is of philosophic interest in 


76Compare MacDouca., D. T., The influence of light and 


darkness upon 
growth and development. Memoirs New York Bot. Garden 2. 


1902. 


27 The nomenclature used is that of Britton’s Jfanual. 
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the discussion of the light-relationship of plants, is that many 
species which grow beneath the shade of a deciduous forest bloom 
in the early spring, and complete their most important vegetative 
and reproductive functions before the leaves of the trees above 
have tully unfolded. The boreal plants, however, which remained 
at the north during the glacial period, are an exception to this 
rule, for they owe their presence in the temperate forests and 
sphagnum bogs to the fact that they were trapped at the close 
of the glacial period by the northward-moving forest trees and 
had to adapt themselves to the changed conditions. Those 
boreal plants which did not do this were exterminated by the 
forest plants. 

The density of the forests affords some indication of the gen- 
eral character of the flora. Upon the slopes of the southern 
Alleghenies the deciduous forest attains unsurpassed richness 
and variety. On the slopes of the high mountains of North 
Carolina and Tennessee the principal trees of the Appalachian 
forests attain their greatest size, and in a ride of a few hours, cov- 
ering a rise in elevation of 4,000 to 6,000 * (1220-1,525™), 
one may see growing in perfection trees of the south, such as 
the magnolias; trees of the middle states, such as the ashes, 
the oaks, the maples, the lindens; and then the birches, the 
pines, the mountain ashes, and the spruces, of the extreme 
north.” 

Climatic and edaphic considerations —TYhe differences in the 
character of the mountain region are not determined so largely 
by the kind of soil, or by the amount of moisture contained in it, 
as are those of the Piedmont plateau and the coastal region. 
Within short distances in the mountains are found wide varia- 
tions in elevation. A rapid lowering of the average annual 
temperature takes place with the increased elevation, and a pro- 
portional shortening of the growing season; increase in the rain- 
fall and relative humidity, and a decrease in evaporation both 
directly from the soil and through the foliage. It is noticeable 


that edaphic as well as climatic factors become more xerophytic 


*® Garden and Forest 5: 155, 325; c/ PRICE, Practical forestry in the southern 
Appalachians. Yearbook U.S. Dept. Agric. 1900: 354. 
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upward.*? The effect of climatic conditions on the higher 
mountains is more evident than that of soils; though between 
certain limits of elevation changes in the character of the soil 
influence the kind of growth. Thus the location of Rhododen- 
dron maximum and Tsuga canadensis along the mountain 
streams between certain limits of elevation (climatic) is regu- 
lated purely by edaphic conditions. The growth of Castanea 
dentata, Quercus alba, etc., back from the streams on the hill- 
sides in the drier ground is also edaphic. The presence, there- 
fore, of the various tree species in the mixed forests of the 
southern Appalachians is dependent primarily on climatic influ- 
ences, but the assembling of these species into ecologic plant 
associations in these mixed deciduous forests depends upon the 
edaphic surroundings. With the herbaceous plants of the 
mountain summits and with certain shrubs, their allocation to 
particular situations on these summits is controlled mainly by 
edaphic conditions. Thus Dendrium buxifolium is found grow- 
ing on rock faces and rocky slopes on Grandfather Mountain, 
while on Roan-Mountain it is found ina deep soil, rich in humus. 
Xerophyllum asphodelioides, Gaultheria procumbens, Paronychia 
argyrocoma, Geum radiatum, etc., growing on Grandtather 
Mountain are controlled largely in their distribution upon that 
peak by soil conditions. Other examples of this kind of distri- 
bution might be mentioned here, but a more detailed reference 
will be made to the association of species in the forests of the 
higher mountains, when the several regions visited by the writer 
are discussed from an ecologic standpoint. 

It is doubtful, however, if changes of soil in the larger moun- 
tain masses above 5,000" (1,525™) elevation produce any change 
in the kind of trees, the number of species being limited to those 
whose hardiness (xerophytic structure of crown or foliage and 
short growing season) renders them capable of withstanding the 
sudden changes of temperature to which they are subjected near 
the summits of the higher mountains.” 

729The word “xerophyte” refers to a particular kind of plant with a definite his- 
tologic structure. The word “ xerophytic”’ should be used also in the structural sense, 
although by extension it is used loosely to denote conditions that produce xerophytes. 


3° PINCHOT and ASHE, Timber trees and forests of North Carolina. N.C, Geol. 
Survey 1897: 208, 209. 
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The forests of the mountain region of North Carolina are 
separable, according to Pinchot and Ashe, into three belts, lying 
at different elevations. These are as follows: ( 1) the forests of 
the lower mountains; (2) the forests of the higher mountains; 
(3) the forests of the mountain summits. 

Zonally (climatically) the lower slopes of the mountains and 
valleys between are largely occupied by extensions of the Upper 
Austral (Carolinian) zone, but by far the greatest part of the 
surface of the mountain region is covered with an Alleghanian 
(Transition) flora. The higher mountains maintain Canadian 
trees, shrubs, and herbaceous plants, while along the crest of the 
highest mountains of this region, usually at an altitude of 6,000* 
(1,830™) and upward, a sparse Hudsonian flora is encountered. 
The green alder, Alnus alnobetula (allocated by edaphic condi- 
tions), Potentilla tridentata, Arenaria groenlandica, and Trise- 
tum subspicatum may be regarded as typical of this zone. 

Ecologically the following formations may be distinguished. 
Primarily these formations are determined by climatic condi- 
tions, and to give them ecologic significance they are named 
according to the character of the vegetation that determines 
them. The plant associations existing as part of these forma- 
tions are determined largely by light and soil-moisture (edaphic) 
conditions. Tentatively, the ecologic formations and associa- 
tions described in the following pages are these. 

1. Mrixep Decipuous Forest ForMATION (2,000—5,000*, 610— 


m 
25°) 


vu 


1,5 


/ 


Castanea-Quercus-Acer Association. Robinia hispida Association. 


Tsuga Association. Aesculus-Acer-Betula Association. 
Rhododendron maximum Association, Acer-Sorbus-Viburnum Association. 
Lilium Association. Betula-Fagus Association, 
Plantago-Achillea Association, Aesculus Association. 


Rubus Association. 
2. ConrFEROUS Forest FORMATION (5,000-6,700*, 1, 
2,040™). 


Sorbus-Acer-Assoctation | poorly defined), Rhododendron catawbhtense Association, 


Polytrichum-Hypnum Association, Carex-Poa Association. 
Sedum-Carex Association. Picea-A bies-Prunus Association. 
Veratrum Association. Viburnum-Vacctnium Association. 


3tThe student is referred to a paper by KEARNEY (Science N. S. 12: 830, 831) 
for the plants that characterize these zones, 
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3. SUB-ALPINE DwarF TREE-SHRUB FORMATION (circa 6,000 *, 
1,030"). 

Dendrium Association, Geum-Paronychia Association. 

4. SUB-ALPINE TREELESS FORMATION (above 6,000", 1,830™),3 
Rhododendron catawhiense Association. Dendrium Assoctation. 

Alnus Association. Lycopodium-Geum Association. 
Carex-Poa Association. Knetfia-Hypericum Association, 
Polytrichum Association, 

ECOLOGIC SURVEY OF THE REGION. 

An ecologic survey of this region comprises a description of 
the flora of the north branch of the Swannanoa River and the 
slopes, ridges, and summits of Mount Mitchell and the mountains 
near it. The floras of the slopes and summit of Grandfather 
Mountain and of the summit and higher slopes of Roan Mountain 
are considered. 

MIXED DECIDUOUS FOREST FORMATION. 

The valley of the North Fork of the Swannanoa River is 
occupied by an arboreal vegetation, composed of Castanea den- 
tata, Liriodendron tulipifera, Fagus americana, Quercus alba, Q. 
rubra, Magnolia acuminata, Juglans cinerea, Quercus coccinea, 
©. phellos, Acer saccharum, Betula lenta ( Castanea-Acer-Quercus 
Association ). 

These dominant trees are found somewhat back from the 
streams, while near the streams, with their roots in the water, or 
where the lower parts of their trunks may be submerged during 
heavy rains, grow Platanus occidentalis, Tsuga canadensis, Betula 
lenta ( Zsuga Association) . 

In this forest, and belonging to the Castanea-Quercus-Acer 
Association, are these secondary species: Acer saccharum, Aescu- 
lus pavia, Juglans cinerea, Hamamelis virginiana, Hicoria glabra, 
Cornus florida, Tilia americana, Acer rubrum, Tilia heterophylla, 
Magnolia fraseri, Acer pennsylvanicum, and Robinia pseudacacia, 

As a third lower story of the forest, the following species 
occur: Kalmia latifolia, Cornus florida, Cornus alternifolia, Ilex 
monticola, Oxydendrum arboreum, Viburnum acerifolium, 


32 Mount Mitchell does not show formations 3 and 4, while Roan Mountain shows all 
four well defined, Grandfather Mountain 3 and 4, but 4, if at all present, occupies a 
restricted area. 
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Rhododendron maximum forms a dense jungle along the 
borders of streams (Rhododendron maximum Association). Next 
to the secondary species mentioned above, the most important 
component of this forest is Rhododendron maximum, associated 
with Kalmia latifolia. The shade formed by these shrubs is so 
dense that few plants can exist init. Saplings of Aesculus pavia, 
Fagus americana, and Tsuga canadensis, and a few herbs, such 
as Mitchella repens and Viola rotundifolia, seem to flourish, over- 
shadowed by the laurel and rhododendron. Under the decidu- 
ous trees, where more light filters down to the forest floor, are 
found Podophyllum peltatum, Arisaema triphyllum, Cypripedium 
acaule, Cimicifuga racemosa, Sanguinaria canadensis, Euphorbia 
corollata, Lysimachia quadrifolia, Tradescantia montana, Galium 
latifolium, Pedicularis canadensis, Circaea lutetiana, Phytolacca 
decandra, Astilbe biternata, Mitchella repens, Scutellaria pilosa, 
Peramium pubescens, and such a sciaphilous33 herb as Galax 
aphylla. Associated with these occur Silene virginica, Cacalia 
atriplicifolia, Zizia Bebbii, Lilium superbum in damp _ places 
(Lilium Association), with Thalictrum coriaceum. As lianes one 
finds Aristolochia macrophylla, Vitis aestivalis, Celastrus scan- 
dens, Smilax rotundifolia crenulata. 

The dripping rocks, with damp soil. pockets, support such 
plants as Trillium erectum, Salomonia biflora, Vagnera racemosa, 
Kneiffia fruticosa, Houstonia serpyllifolia, Thalictrum clavatum. 
In drier situations grow Caulophyllum thalictroides, Impatiens 
biflora, Adiantum pedatum, and Botrychium virginianum. 

The clearings in the forest are tenanted by a number of intro- 
duced weeds, such as Chrysanthemum leucanthemum, Plantago 
lanceolata, P. Rugelii, Oxalis stricta, Trifolium repens, Carex 
rosea radiata, Achillea millefolium, Solanum carolinense, Arabis 
canadensis, Senecio aureus, and abandoned apple trees ( Plantago- 
Achillea Association). Rubus strigosus forms dense bramble 
thickets in such areas (Rubus Association). 

The dominant forest trees belonging to the Castanea-Quercus- 
Acer Association found on the slopes of Grandfather Mountain 
from an elevation of 3,800 to 4,500" (1,150-1,370™) are Castanea 


33 POUND and CLEMENTs, The phytogeography of Nebraska, 166. 1900. 
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dentata, Quercus coccinea, Q. Phellos, Q. platanoides, Q. alba, 
Fagus americana, Magnolia acuminata, Robinia pseudacacia, 
Acer rubrum, Nyssa sp.; while as secondary species, usually 
found beneath the dominant ones, can be mentioned Prunus 
pennsylvanica, Rhododendron maximum, Hamamelis virginiana, 
and Kalmia latifolia. On this mountain the woody plants of 
less obvious importance, which may be considered to form a still 
lower story, are Pieris floribunda, Sassafras, and Robinia hispida, 
the last forming an almost pure growth (Rodinia lispida Associa- 
tion). The herbaceous plants beneath the trees are Galax 
aphylla, Medeola virginiana, Diodia virginiana, Silene virginica, 
Pedicularis canadensis, Asclepias exaltata, Lysimachia quadri- 
folia, Osmunda cinnamomea, Dryopteris marginalis, Pteridium 
aquilinum, Uvularia puberula, Prunella vulgaris, Podophyllum 
peltatum, Ceanothus americanus, Monarda didyma, Chrysan- 
themum leucanthemum, Cerastium viscosum, Trifolium repens, 
and near cultivation Glechoma hederacea. 

The forest on the northern slopes of Roan Mountain is similar 
to those on the Swannanoa River and Grandfather Mountain. 
It comprises the Mixep Decipuous FORMATION with the Castanea- 
Quercus-Acer Assoctation, as well characterized as at the places 
described above. 

Reaching an elevation of 4,500" (1,370™) on the Black 
Mountain Range, Picea mariana is found sparingly in the forest, 
as outposts of the main coniferous forest above. Associated in 
such places, the botanist finds as an indication of a rise in alti- 
tude, Diphylleia cymosa, Veratrum viride, Rhododendron lutea, 
Thalictrum clavatum, and an abundance of Houstonia serpylli- 
folia. As he approaches “Half Way” (5,200", 1585™) the 
forest of deciduous trees becomes more open by the lowering 
of the crown of the dominant trees ( Aesculus-Acer-Betula Associa- 
tion) which are here Castanea dentata, with flat-topped crown, as 
an index of altitude, Quercus rubra, Q. coccinea, Aesculus pavia, 
Quercus alba, Acer saccharum, Betula lutea, and an occasional 
Picea mariana. 

A somewhat different assemblage of species is found on Grand- 


father Mountain at an elevation above 4,500 (1,370™). The 
o Jf 
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dominant species are Quercus rubra, Picea mariana, Acer sac- 
charinum, Prunus pennsylvanicum on the drier soils, and Tsuga 
canadensis ( Tsuga Association) ascending along the water courses 
to about 4,700* (1,430™). The secondary species are Acer penn- 
sylvanicum, Sorbus americana, Viburnum alnifolium, and Acer 
spicatum (Acer-Sorbus-Viburnum Association). The herbaceous 
plants of this part of the mountain have more light and comprise 
Osmunda cinnamomea, Pteridium aquilinum, Polygonum cilinode, 
Houstonia serpyllifolia, Podophyllum peltatum, Lysimachia 
quadrifolia, Saxifraga Michauxii, Rumex acetosella, and Chrysan- 
themum leucanthemum. Occurring as undershrubs are Rhodo- 
dendron lutea, Ribes rotundifolium, and Viburnum alnifolium. 

On Roan Mountain the first indication of rise in altitude is 
furnished by Acer spicatum, and then by Acer pennsylvanicum, 
which does not descend quite so low as the mountain maple. 
Viburnum alnifolium occurs in great abundance when at an alti- 
tude of 4,500* (1,370™) is reached. Houstonia serpyllifolia 
carpets the ground in many places, while in damp _ places 
Diphylleia cymosa forms masses beneath the shade of the domi- 
nant forest trees. The herbaceous plants of the forest floor at 
this elevation are Caulophyllum thalictroides, Actaea alba, 
Cicimifuga racemosa, Tiarella cordifolia, Sanguinaria canadensis, 
Podophyllum peltatum, Circaea alpina, Blephariglottis peramoena, 
Cacalia atriplicifolia, Lysias orbiculata, Chelone Lyoni, and Poly- 
stichum acrostichoides. A few straggling black spruce trees 
descend the mountain side and mingle with Betula lutea and B. 
lenta. Fagus americana, which becomes dwarfed at the edge of 
the coniferous belt, is associated with the birches in this tension 
zone (Betula-Fagus Association). 

Aesculus octandra, which occurs at the upper edge of the 
tension zone, ascends the mountain into Carver’s Gap, where it 
forms an almost pure stand of gnarled trees (Aesculus Association). 

CONIFEROUS FOREST FORMATION, 

The coniferous forest appears on the slopes of the Black 
Mountain Range at about 5,209" (1,585™). The dominant tree 
of this formation is Picea mariana, associated with Abies Fraseri. 


Intermingled with these two coniferous trees, but nowhere mak- 
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ing a pure growth, are Acer spicatum, Betula lutea, Aesculus 
flava, Sorbus americana, and Crataegus sp. (Sorbus-Acer Asso- 
ciation). The trees are large and rugged, and clothed even to 
the topmost branches with dense coats of moss. Mosses and 
lichens cover the ground as with a dense mat a foot or more 
thick. The trunks of fallen trees are buried from sight by a 
living mound of green, set with flowers and ferns. The mosses 
and lichens collected by the writer, which form the Polytrichum- 
Hypnum Association on Potato Top and Clingmans Dome com- 
prises the following: Polytrichum gracile, Sematophyllum deli- 
catulum, Hypnum fertile, Hylocomium proliferum, Bazzania 
trilobata, Hylocomium triquetrum, Dicranum fuscescens, Hyp- 
num reptile, Polytrichum ohioense, and Stereocaulon coralloides. 
Associated with these mosses are herbaceous plants and ferns, 
viz., Oxalis acetosella, Viola blanda, Lycopodium lucidulum, 
and Aspidium spinulosum intermedium. Houstonia serpyllifolia 
is also abundant. The rocks support in sunny places Sedum 
and telephioides, Carex rosea radiata, Saxifraga leucanthemifolia, 
Krigia montana (Sedum-Carex Association). 

The green hellebore is found wherever the timber is more 
open and in extensive patches many square feet in area ( Veratrum 
Association). The same association of species extends to the 
tops of the several mountains composing the Black Mountain 
Range. Acer spicatum and Sorbus americana (Sorbus - Acer 
Association) are met with in this forest belt. Many seedling 
spruces are providing a natural regeneration of the forest. Asa 
secondary but important element of this belt at high elevations, 
is the Rhododendron catawbiense, beneath which as herbaceous 
associates are found Viola blanda, Trillium erectum, and Clintonia 
borealis (Rhododendron catawhiense Asscciation). 

The natural meadows on this range of mountains, surrounded 
by the forest of balsam and black spruce trees, are composed of 
such species as Carex intumescens, Juncus effusus, Carex scoparia, 
C. brunnescens gracilior, C. tenuis, Poa pratensis, Agrostis alba, 
Poa alsodes, Juncoides bulbifera (Carex Poa Association). 

The coniferous forest extends to the summit of Mount Mitchell 
6,711" (2,045™) without any indication of subalpine or alpine 
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conditions. Wind-tossed specimens of Picea mariana, Abies 
Fraseri (Picea-Abies-Prunus Association), are seen. Huge rocks 
and bowlders project from the rounded dome. Menziesia pilosa, 
Ribes prostratum, Sorbus americana are common. Rhodo- 
dendron catawbiense grows within a few feet of the Mitchell 
monument. The herbaceous plants of the summit are Strep- 
topus roseus, Scirpus caespitosus, Carex brunnescens, Houstonia 
serpyllifolia Rumex acetosella, Trifolium repens, Asplenium 
filix-foemina, Saxifraga Michaunxii in the crevices of the rocks, 
and Clintonia borealis. None of these herbs are true alpines. 

Mosses are found on the trunks of trees and on the rocks, the 
following being noted:34 Ulota crispa, Bryum nutans, Semato- 
phyllum delicatulum, Hylocomium proliferum, Polytrichum gra- 
cile, Hypnum Schreberi (Polytrichum-Hypnum Association). The 
trees of the summit are Picea mariana, Abies Fraseri, Betula 
lutea, Prunus pennsylvanica. 

The coniferous forest on Grandfather Mountain consists essen- 
tiaily of the same arborescent species, viz., black spruce and 
balsam. Associated with these are Viburnum alnifolium, Vac- 
cinium stamineum, Acer spicatum, and Rhododendron cataw- 
biense (Viburnum-Vaccinium Association). Polypodium vulgare 
grows in masses, associated with Galax aphylla, Oxalis acetosella, 
Thalictrum clavatum, Maianthemum canadensis, and Clintonia 
borealis. 

The forest of cone bearers on the higher elevations of Roan 
Mountain consists of Picea mariana and Abies Fraseri as the 
dominant trees. Intermixed with these, but never forming pure 
growths, occur Aesculus octandra, Sorbus americana, Fagus ameri- 
cana in a dwarfed form, and asa third lower story, Ribes rotundi- 
folium, Cornus atternifolia, and Alnus alnobetula. The forest 
floor, beneath the shade of the dominant trees, supports seedling 
conifers, Circaea alpina, Veratrum viride, Oxalis acetosella, Viola 
blanda, Thalictrum clavatum, Polypodium vulgare, Asplenium 
filix-foemina, Dryopteris spinulosa dilatata, Houstonia serpylli- 
folia, Tiarella cordifolia, and Clintonia borealis. 


34 The identification of the mosses I owe to Mrs. Elizabeth G. Britton and that of 


the flowering plants to Dr. John K. Small, to whom my thanks are due. 
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SUB-ALPINE DWARF TREE-SHRUB FORMATION. 

This formation may be said to exist only at the top of Grand- 
? father Mountain and is absent from the domes and ranges of 
Mount Mitchell and Roan Mountain. 

The summit of the west peak of Grandfather Mountain for a 
limited area is bare and presents an alpine aspect, being clothed 
with lichens, mosses, and dense cushions of Dendrium buxifolium 
(Dendrium Association). Several of the plants remind the bot- 
anist of the New Jersey pine barrens, viz., Gaultheria procum- 
bens, Xerophyllum asphodelioides, Pteridium aquilinum, Kalmia 
latifolia. 

Zy gadenus leimanthoides, Geum radiatum, Paronychia argyro- 
coma, Uvularia puberula, Clintonia borealis, Carex aestivalis, 
Chrosperma muscaetoxicum, and Solidago spithamea are found 
in exposed places (thus under edaphic conditions) ( Geusm-Paro- 
nychia Association). Abies Fraseri, Picea mariana, Clethra acu- 
minata, Sorbus americana, Leucothoe recurva, Vaccinium pallidum, 
Oxycoccus erythrocarpus accompany the herbs to the mountain 
summit, so that this summit may be said not to be entirely tree- 
less, otherwise the plants on it would be classed as an association 
of the Sub-alpine Treeless Formation. 

The presence of Dendrim buxifolium, Xerophyllum asphode- 
lioides, a pine barren species found plentifully in New Jersey, 
Geum radiatum, Paronychia argyrocoma, Clintonia borealis, and 
Chrosperma muscaetoxicum needs explanation. Paronychia argy- 
rocoma, found on the bare mountain slopes of the White Moun- 
tains and in the Alleghenies from Virginia to Georgia and also in 
Maine, and Clintonia borealis are probably species of north tem- 
perate habit that were formerly more widely distributed but have 
been separated into distinct areas by the influence of the base- 
leveling operations previously described. 

The geographic distribution of Xerophyllum asphodelioides 
and Chrosperma muscactoxicum is probably to be accounted for 
in the same manner as the distribution of the austro-riparian 
species that occur in the southern Appalachians. It is hardly 
likely that the seeds of these plants were carried to the summit 


of the few isolated peaks by birds, because one would expect to 
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find them in intermediate situations. Another explanation must 
be appealed to. It is probably found in the uplift at the close 
of the Cretaceous period, followed by the subsequent base- 
leveling operations. While the eastern United States, including 
that part of New Jersey along the Delaware River, was an almost 
featureless peneplain during the close of the Cretaceous, it is con- 
ceivable that the plants above mentioned had a more general 
distribution, and that when the uplift of the Appalachian system 
occurred and the formation of the Tertiary coastal plain was 
well under way, these plants, then widely distributed, were sub- 
jected to the influences of the processes of gradation. The 
wearing away of the soil from the mountains, the formation of 
valleys, and the oscillations of the coast line led to a process of 
extermination, and many plants succumbed in those regions to 
the geologic changes. The survivors of many widely distributed 
groups of plants are found, therefore, in those places that resisted 
the action of the destructive forces, such as the present summits 
of high mountains, or are in regions not subjected to the oscil- 
lations in level of the coastal plain. This supposition is sup- 
ported by the suggestion of Cowles, that in all probability 
these plants survive under such conditions because the summits 
of these mountains and the sandy coastal plain are in about the 
same stages of their life histories. It seems to the writer, that 
the similarity of the situations, which are in the same edaphic 
stage of their life histories, consists in this.35 In the dry places, 
especially the insolated slopes of the high mountains, the humus 


is sour or ‘‘raw;” in fact, the dense tangle which roots often form 
in such situations is well known for its tendency to produce sour- 
ness by hindering aeration. Similar sour humus is found in the 
wet swampy forests. Sour humus makes it more difficult for the 
roots to absorb moisture, and consequently it becomes necessary 
for the plant to reduce transpiration. The lack of oxygen and 
assimilable forms of nitrogen in such soils still further induces a 
weakening ofphysiologic activity. Itappears clear,therefore, that 
the number and importance of xerophilous conditions increases in 


35 This thought was suggested by a reading of a paper by ERNEST BRUNCKEN, 
Contributions to the ecology of the genus Viola. Bull. Wis. Nat. Hist. Soc. 2:27. 
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inverse proportion to the presence of fresh well-aerated humus. 
Does not this circumstance seem to imply that there must be 
some causal connection between the quality of the humus and 
the occurrence of xerophytic characters? The presence of such 
plants as Xerophyllum asphodelioides, Paronychia argyrocoma, 
Chrosperma muscaetoxicum on the summit of Grandfather 
Mountain, and Dendrium on both Grandfather and Roan Moun- 
tains seems thus to be explained. 


SUB-ALPINE TREELESS FORMATION, 


This formation is encountered typically on Roan Mountain 
and on other mountain summits in the southern Appalachians 
that are grassy balds. The “balds” are in the main grassy 
meadows, but the rounded domes show extensive areas covered 
by the Rhododendron catawbiense (XR. catawhiense Association) , 
either pure, or associated with Alnus alnobetula (Adnus Associa- 
tion). The alder covers an adjoining dome of the Roan Mountain 
Range, the Elkhorn, with a pure and impenetrable growth three 
to four feet high. The extent of the rhododendron thickets, for 
which the mountains is famous, cannot easily be estimated. The 
bushes may be either rounded, like a hay stack, or they may be 
spreading at the top.%° The character of the plants, as indicated 
by the general habit and nature of the leaves, depends upon 
whether the plants are exposed to the cold winds of summer, the 
intense sunlight, the icy blasts of winter, or whether they are 
more or less sheltered by the slope of the ground, or by growing 
beneath the protection of the spruces and silver firs. 

The summit of Roan Mountain is in the form of a saddle 
several miles long, being formed of two elevations of about equal 
height, the culminating peak being 6,313 * (1,924™) in altitude. 
The component vegetation of the grassy meadows, or ‘balds” 
consists of Trifolium repens, Rumex acetosella, Potentilla cana- 
densis, Poa compressa, Veronica officinalis, Houstonia serpyl- 
lifolia, Carex tenuis, Deschampsia flexuosa, Luzula campestris, 
and Phleum pratense ( Carex-Poa Association). Polytrichum com- 


© Cf. CANNON, W. A., Field notes on Rhododendron Catawbiense. Torreya 
2: 101. 1902. 
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mune forms patches, especially about old stumps (Polytrichum 
Association). 

The raised cushions of soil found here are covered by various 
mosses, or by Dendrium buxifolium3? (Dendrium Association). 
In or along the dry stony wash-ways, one finds Saxifraga leucan- 
themifolia, Potentilla tridentata, and Houstonia purpurea. 

The immediate summit of Roan Mountain is characterized by 
the presence of Geum radiatum, Lycopodium selago (Lycopo- 
adium-Geum Association), Menziesia pilosa, Houstonia purpurea, 
Lycopodium lucidulum, Ribes rotundifolium, Dendrium  buxi- 
folium. Alnus alnobetula clings to the north slopes, here form- 
ing a pure growth on the steeper inclines (Alnus Association), 
with Sorbus americana below it, but associated with Rhododendron 
catawbiense on the upper slopes of the dome. 

Crossing Carvers Gap, where Aesculus octandra grows ( Aescu- 
lus Assoctation), a rocky outcrop is found on the slope of Little 
Roan Mountain where the writer collected Rhododendron lutea, 
Kneiffia fruticosa, Geum geniculatum, Arisaema quinatum and 
Hypericum graveolens (Kneiffia-Hypericum Association). Alder 
Bald or Elkhorn, as it is called, is reached from Little Roan 
Mountain by crossing a smaller wind gap. The slopes of this 
knob are covered by acres of Alnus alnobetula (A/nus Asso- 
ciation), while the stony places are favorable for the growth 
of Heuchera villosa, Krigia montana, Cerastium vulgatum, and 
two alpine species, Potentilla tridentata and Alsine groenlandica. 
The latter herb assumes the cespitose character in exposed 
situations. 

In conclusion, it is advisable to state that the dwarfing of the 
trees and their absence on the “‘balds” is explicable by the action 
of winter storms which beat upon these summits. Wherever 
the topography is such as to permit the full force of the ice storm, 
there tree vegetation is scanty or altogether wanting, and its 
place is taken by grassy stretches, or by thickets of alder and 
rhododendron, plants which are adapted to withstand ice storms.3® 


37 Cf. SMALL, J. K., Flora of western North Carolina and contiguous territory. 
Mem. Torr. Bot. Club 3. 


3° HARSHBERGER, J. W., Thermotropic movements in the leaves of Rhododendron 
maximum \., Proc. Acad. Nat. Sci. Philadelphia 1899 : 219. 
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Mrs. Edson” describes the action of a winter storm upon the 
vegetation. The factor in the production of the frost forms 
which weigh down the limbs of trees and snap them off is the 
frozen vapor of the wind and rain. The lower the temperature, 
the denser the cloud becomes; the velocity of the wind and the 
exposure determine the growth of the frost forms. Hence the 
absence of trees is due to the effect of the ice and snow of win- 
ter. This conclusion is strengthened by a study of a recent ice 
storm at Philadelphia,” as it damaged large trees that had with- 
stood the storms of centuries. 

In lieu of illustrations to accompany this article, the reader is 
referred to a magnificent volume issued by the United States 
Government, where maps and photographs descriptive of the 
proposed Appalachian National Park are given. 


UNIVERSITY OF PENNSYLVANIA. 


39 Epson, Mrs. HELEN R., Frost forms on Roan Mountain. Pop. Sci. Mo. 
45 : 30. 1894. 

4° Forest Leaves 8:168. 1902; also CHAPMAN, Forestry and Irrigation 8: 130. 
1902; Experiment Station Record 13 : 1053. 

4*See Message from the President of the United States transmitting a Report of 
the Secretary of Agriculture in relation to the forests, rivers, and mountains of the 


southern Appalachian region. Senate Document 84: 210. Washington. I902. 











BRIEFER ARTICLES. 


THE MITOSES IN THE SPORE MOTHER-CELL OF 
PALLAVICINIA. 
(WITH SIX FIGURES) 

In 1894 Farmer published a paper’ on Padllavicinia decipiens report- 
ing the occurrence of very peculiar phenomena in the division of the 
spore mother-cell. According to his account the nucleus in preparation 
for division is surrounded by dense protoplasm which projects into 
each of the four lobes of the mother-cell and forms a four-rayed star. 
He termed this structure a “ quadripolar spindle.” After the formation 
of the “quadripolar spindle,” four chromatic droplets make their 
appearance in the nucleus as the first positive evidence of approaching 
division. The four chromatic droplets become four chromosomes, 
which by division are doubled in number. ‘The resulting eight rod- 
shaped chromosomes point off in pairs towards the four lobes of the 
spore mother-cell. Further doubling takes place, increasing the total 
number of chromosomes to sixteen, and four chromosomes pass simul- 
taneously to each pole of the four-rayed spindle, which persists to the 
end. 

Farmer’s later studies? on other Jungermanniales revealed the 


’ 


presence of the “quadripolar spindle” in the early stages of mitosis, 
but in no case did he find a repetition of the peculiar conditions 
described for Pallavicinia. In all other forms the ‘‘quadripolar spin- 
dle” is a temporary structure, which is later replaced by normal 
bipolar spindles of two successive mitoses with longer or shorter inter- 
vals between. Farmer interprets the temporary four-rayed star of 
these plants as transitional between the “‘quadripolar spindle” of 
Pallavicinia and the normal bipolar spindle. 

Davis in 1g01 described? conditions during spindle formation in 
the spore mother-cell of Pedéia epiphylla substantially in agreement 

™*FARMER, Studies in Hepaticae: On Padllavicinia decipiens Mitten. Ann. Botany 
8:35. 1894. 

?FARMER, On spore formation and nuclear division in the Hepaticae. Ann. 
Botany g:363 and 469. 1895. 


3Davis, Nuclear studies on Pellia. Ann. Botany 15:147. I90I. 


384 [ NOVEMBER 











1903 | BRIEFER ARTICLES 


ww 
co 
wm 


with Farmer’s studies on the same form, but the two observers differ 
widely in their interpretation of the facts. Davis considers Farmer’s 
‘“quadripolar spindle” as a transitory stage of prophase, which should 
not be regarded as a part of the true spindle that is formed later. The 
nuclear divisions in the spore mother-cell of Pellia are effected by two 
successive mitoses, each with a bipolar spindle and the gametophytic 
number of chromosomes (eight) at the nuclear plate of each metaphase. 
There is also a well-defined period between the two mitoses when the 
nuclei are in the resting condition. ‘The events of sporogenesis for 
Pellia are then essentially the same as those throughout the pterido- 
phytes and in the development of pollen. 

The striking peculiarities of Farmer’s account of Pallavicinia lie 
not so much in the presence of a four-rayed achromatic figure as in 
the reported division of four primary chromosomes into sixteen, and 
their distribution to form simultaneously four daughter nuclei through 


the “ quadripolar spindle.” It is necessary to emphasize this point, since 
Farmer* in a criticism of Davis’s paper on Pellia does not consider 
this matter, while taking exception to Davis’s use of the term spindle. 
Davis found a four-rayed figure during prophase in Pellia, but was not 
willing to call it a spindle, since the actual distribution of the chromatin 
takes place in the usual manner ata later period through two successive 
mitoses, whose spindles are bipolar. ‘lhe four-rayed structure in Pellia 
seems to Davis a character of prophase, determined largely by the 
peculiar crowded condition of the nucleus in the center of a four-lobed 
cell. 

However, Farmer’s very positive assertion of the persistence of 
the four-poled spindle, and his detailed account of the peculiar 
arrangement of the chromosomes and their simultaneous passage to the 
four poles in Pallavicinia, makes his position a strong one to assail 
except upon a reexamination of the conditions in Pallavicinia itself. 

I am now at work on /adllavicinia Lyellii S. ¥. Gray, which is 
abundant in this locality. My studies are by no means complete, but 
have been carried far enough to justify conclusions on the chief events 
of sporogenesis, which are presented in this note. I have had the 
opportunity during past summers at Woods Hole of examining Dr. 
Davis’s preparations of Pellia and have had the benefit of his sugges- 
tions and criticisms on technique. 

In preparing for mitosis the nucleus of the spore mother-cell 

4FARMER, The quadripolar spindle in the spore mother-cell of Ped/ia epiphylla. 
Ann. Botany 1§:431. 1901. 
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assuines a tetrahedral form, each angle of which points into one of 
the four lobes of the spore mother-cell. This form persists through 
synapsis and the spirem condition, and only disappears with the for- 
mation of the spindle. 

While the chromosomes are being differentiated, and while there is 
still a trace of linin connecting them, fibers may be seen extending 
over the points of the tetrahedral nucleus as caps and into the nuclear 
cavity (fg. 7). With the appearance of these fibers the nuclear mem- 
brane becomes less distinct, some of the fibers finally occupying the 
position which it formerly held. During this period the incompletely 
differentiated chromosomes lie scattered irregularly throughout the 
interior of the nucleus. 

With the complete disappearance of the nuclear membrane and 
the further growth of the fibers, this four-rayed structure rapidly 
passes over into a bipolar spindle and the chromosomes, eight in 
number, become clearly grouped ina ring to form the nuclear plate 
(fig. 2). I have found no evidence of their quadrupling in number, as 
was so positively asserted by Farmer. It is difficult to follow the 
development of the bipolar spindle from the four-rayed structure of 
prophase because the figure is small, but there is probably a rearrange- 
ment of the elements through the establishment of a single axis, around 
which the fibers and chromosomes become grouped. 

Now follow two divisions in rapid succession without an intervening 
resting condition. There is no four-poled spindle in Farmer’s sense, | 
but well-organized bipolar spindles without centrospheres, and the 
chromosomes are distributed in the usual manner. /%g. 3 illustrates 
the metaphase of the first division and fy. ¢ shows anaphase of the 
same. Inthe latter case the daughter chromosomes are seen to be 
grouped ina ring at the poles of the spindle. ‘There appears to be 
no resting period. The second division begins immediately, the rings 
of chromosomes altering their positions so that their planes lie at right 
angles. ‘Two distinct spindles are organized, their axes being perpen- 
dicular to each other. “zg. 5 presents the conditions at metaphase of 
the second division and fg. 6 illustrates anaphase when the mitoses 
of the spore mother-cell are completed. It should be noted that the 
two spindles of the second mitosis are entirely distinct from each 
other. My preparations show hundreds of examples similar to the 
stages that I have figured. 


It will be seen that the foregoing account agrees substantially with 
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Mitoses in the spore mother-cell of Padlavicinia Lyeliii. 


Fics. 1-6. 











see explanation on next page. 
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that of Davis for Peldia epiphylla, with the exception that in Pallavi- 
cinia there is no period of rest between the first and second mitos:s. 

I have carefully followed the nucleus of the spore mother-cell 
through all stages, from synapsis to the completion of the resting nuclei 
of the spores, and find that the only structure which could possibly be 
interpreted as a “quadripolar spindle” is that illustrated in fg. 7, 
which is clearly a condition of prophase. It does suggest Farmer’s 
description of a “quadripolar spindle,” and would be so interpreted 
but for the fact that it is followed by bipolar spindles of the normal 
type, through which the chromosomes are distributed by two successive 
mitoses in the usual manner. There is no quadrupling of the primary 
chromosomes or their simultaneous distribution in four groups to form 
the four daughter nuclei, which are the most remarkable features of 
Farmer’s account of the activities of a “ quadripolar spindle.” 

The number of chromosomes in Padlavicinia Lyellit differs from 
that reported by Farmer for Pad/avicinia decipiens. He states that 
there are four in the gametophyte and eight in the sporophyte. I 
have not determined the number in the sporophyte, but find eight 
present in each mitosis in the spore mother-cell. This fact is 
clearly shown in the accompanying figures. 

I hope soon to present a more detailed account of these events of 
sporogenesis, together with nuclear studies upon other phases in the 
life history of Padllavicinta Lyelliii—ANvdRew C. Moore, South 
Carolina College, Columbia. 


EXPLANATION OF FIGURES 1-6. 

Fic. 1. Prophase of the first mitosis; the nucleus has a tetrahedral 
form, the points being directed into the four lobes of the spore mother-cell ; 
fibrillae are gathered at these points but the nuclear membrane has not yet 
broken down; similar stages of prophase were probably considered by 
Farmer as quadripolar spindles. 

Fic. 2. The eight chromosomes, grouped in a ring at the nuclear 
plate, are viewed from above. 

Fic. 3. Metaphase of the first mitosis; the spindle in all respects a 
normal bipolar structure without centrospheres. 

Fic. 4. Anaphase of the first mitosis, 

FIG, 5. Metaphase of the second mitosis; one spindle seen from the 
side ; the other, almost perpendicular to the first, shows the eight chromo- 
somes at the nuclear plate. 

Fic. 6. Anaphase of the second mitosis; one spindle seen from the 
side; the other seen from one end shows a group of eight grand-daughter 


chromosomes. 
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IS DETMER’S EXPERIMENT TO SHOW THE NEED OF 
LIGHT IN STARCH-MAKING RELIABLE? 


(WITH TWO FIGURES) 


In HIS Practical Plant Physiology Detmer’s method of showing the 
necessity of light in photosynthesis, is to pin disks of either card board or 
felt, exactly opposite, on both sides of a tropaeolum leaf.° With the 
exception of the area covered starch forms throughout the entire leaf. 
This experiment, slightly modified by using cork in place of felt or 
cardboard, is found in several school text-books. While performing 
this experiment as given in one of these books, the question arose 
whether the cork did not so hinder the diffusion of CO, that the failure 
to form starch was not entirely due to the absence of light. 

First, some students performed a number of experiments,’ but as 
they did not derive conclusive results, at the suggestion of Mr. L. 
Murbach and with aid from him, I made further experiments. 

It is not stated in most of the ordinary text-books that the small 
percentage of carbon dioxid in the air does not diffuse extensively 
through the intercellular spaces in leaves, though it may be inferred 
from experiments given in a number of standard handbooks. 

It is well known that the formation of starch is prevented when 
the leaf surface bearing stomata is smeared with vaseline, paraffin, or 
cocoa butter, and if only a portion of the leaf is so smeared starch appears 
for the most part or entirely in the unsmeared regions. ‘This I verified 
in Primula obconica by using melted paraffin (nearly cold) for closing 
the stomata, which in this species are on the under surface only. ‘The 
fact that starch forms when the upper epidermis is coated with paraffin 
shows that the warm paraffin has not injured the leaf. On the other 
hand, since light was admitted when the paraffin was placed on the 
under surface and no starch deposited, its absence can only be due to 
lack of carbon dioxid, and if it diffused far through the intercellular 
spaces, the formation of starch would still be possible. It is evident, 
then, that diffusion of carbon dioxid is not very extensive in the 
intercellular spaces of the leaf. 

5 Pflanzenphysiologisches Praktikum 44. Moor, Eng. tr. 52. 

It should be noted that this method of fastening disks of any kind on the leaf 
necessitates pressing them very close to the surface. 


The most striking of these was with a perforated piece of cork held to the 
under side of the leaf by strips of cork on the upper surface. Starch formed only over 


the opening in the under cork. 


1s 
l 


®In normal leaves it need be only from stoma to stoma, or the equivalent d 


tance in the intercellular spaces. 
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To determine whether the free access of air is prevented by corks 
or disks such as were used in Detmer’s experiment, it is sufficient to 
close the stomata in a similar manner and still admit light. This was 
done by pinning only a narrow ring of cork, in place of the whole 
disk, on the upper surface of the Primula leaf, exactly opposite the 
disk on the lower surface. By this device light is admitted and the 
external approach to the stomata is obstructed. 

The veins of the primula leaf, especially near the petiole, are much 
more prominent than those of tropaeolum, so the position of the 





Fic. 2.— The same; a, area 


covered by cork disk on lower sur- 


Fic. 1.—Leaf of Primula ob- face and enclosed by cork ring 
conica; a, a, folds which admitted on upper; 4, after forty minutes 
CO,; 6, space enclosed by cork. exposure uncovered. 


cork must be near the margin of the leaf to make the experiment 
differ as little as may be from the original. In the first experiments 
the upper cork was placed over the larger veins, leaving some space 
for the circulation of air and asa result starch was deposited along 
these veins (fig. 7). 

Still attached to the plant and with the corks adjusted, the upper 
one being only a ring, as described above, another leaf was placed in 
diffuse light two days, then in direct sunlight forty minutes. After 
removing the cork half of the leaf was cut off, the cut passing through 
the covered part (fg. 2); the half remaining on the plant was left in 
the sun forty minutes longer. In the part first removed there was no 
starch in the portion enclosed by the ring of cork (a, fg. 2), while in 
the second half, which was left without corks in the light forty minutes 


longer, there was considerable starch in the corresponding area 


























1903] BRIEFER ARTICLES 391 


(6, fg. 2). ‘This was sufficient to prove that the tissues had not been 
injured, for in the time allowed they could scarcely have recovered 
from any injury that might have been received from the heat.? This 
was further affirmed by repetitions of the experiment, which gave only 
slightly varying results, and also by the fact that sometimes a small 
amount of starch was found in the whole area that had been enclosed 
by the cork, but never much in comparison with the amount found in 
other portions of the leaf. 

The slightly different results obtained are easily explained by the 
fact that the corks, each time, may not have been fastened equally tight, 
or the veins may not have been of the same prominence, thus affording 
admittance to varying amounts of air. 

In considering the facts brought out by these experiments, that 
when light is admitted to a leaf and at the same time the surface with 
the stomata is covered by a rather closely fitting object, and starch 
does not form, it seems evident that the cover hinders the free diffusion 
of CO,. The experiment, as usually given, therefore, is not reliable. 
Disks of paper or cork, if used at all, should be attached so loosely that 
they do not obstruct the free access of CO, to the stomata.— BERNICE 
LL. Hauc, Detroit, Mich. 


9The fact that starch formed along some of the veins or along a fold in the 


leaf, or when the cork was not tightly appres sed, also shows that the tissues were not 











CURRENT LITERATURE. 
BOOK REVIEWS. 
Botany of the Faeroes. 


THESE INTERESTING ISLANDS have been the subject of a thorough 
investigation by Danish botanists, whose results are being published in 
English.t In part I Warming gives a brief account of previous botanical 


work i 


1 the islands, after which C. H. Ostenfeld sets forth the geography, 
topography, industrial conditions, geology, and climate. The latter author 
lists and discusses the phanerogams and pteridophytes of the islands, and 
presents an interesting phytogeographic summary. He finds, as have others 
in northern lands, that several species, more at home in temperate climes, do 
not bear fruit. There are no endemic species, and the flora is strikingly like 
that of Scandinavia and Britain. Of 277 species of vascular plants, 70 are 
Arctic, 164 Temperate European, and 43 Atlantic. Ostenfeld regards the 
flora as postglacial, and he thinks that the Faeroes have been joined to the 
continent since the ice age. The plants are not notably adapted for wind or 
bird dispersal; furthermore, few migratory birds pass over these islands; and 
those which come migrate on empty stomachs. The ocean currents have the 
wrong direction to be of any avail. Finally, there is good direct evidence of 
higher land in recent times. C. Jensen treats the bryophytes in a similar 
manner, and F, Bérgesen takes up the freshwater algae. The latter author 
takes issue with Ostenfeld, and inclines to think that winds and migrating 
birds have brought most of the freshwater algae to the islands. Jan Mayen 
has similar facts to be accounted for, but there a postglacial land bridge is 
out of the question. E. Ostrup treats the freshwater diatoms, E. Rostrup the 
fungi, and Deichmann Branth the lichens. 


Most of part II is taken up by Boérgesen’s excellent treatment of the 


marine algae. He lists and discusses critically 83 reds, 73 browns, 46 
rreens, and 14 blue-greens. Ostrup considers the marine diatoms, and 
Ostenfeld the marine phytoplankton. The latter author discusses the 
seasonal changes of the plankton, which he finds to be prevailingly oceanic 
and not arctic in relationship. . The phytoplankton of freshwater lakes is 
presented by Bérgesen and Ostenfeld, and Dahlstedt gives a critical account 
of the Hieracia. At the close of the second part Warming considers the 
question over which Bérgesen and Ostenfeld disagreed in the first part, and 

* BOTANY of the Faeroes based upon Danish investigations. Part I. 8vo. pp. 338. 


tls. 10. figs. 50. 1901. Part II. pp. 343. pls. 2. figs. 100. 1903. Copenhagen: Det 
Nordiske Forlag; London: John Wheldon & Co. 
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he is inclined to side with Bérgesen. The Faeroes certainly have a flora of 
recent origin, thus contrasting with the Azores and Canaries, where endem- 
ism is to be found. While Warming accepts Ostenfeld’s strictures in the 
matter of seed dispersal by birds and ocean currents, he thinks that wind is 
an adequate transporting factor, The fauna and geological considerations 
seem to unite against the land-bridge theory. Warming says that he is 
more inclined now than ever before to believe in the efficiency of wind as an 
agent for scattering seeds over great distances. A third and final part of 


this valuable work is promised for the near future.— H. C, COWLEs. 


Two text-books on agriculture. 


AGRICULTURE FOR BEGINNERS, by Burkett, Stevens, and Hill? forms a 
small but very attractive volume, designed as a text-book in agriculture for 
the public schools. The subject-matter of the book is divided into nine 
chapters, each dealing with a subdivision of agriculture or related sciences, 
as: soil, diseases of plants, domestic animals, etc. If, as the authors believe, 


‘agriculture is an eminently teachable subject” and should be taught ir 


public schools, this book forms an excellent introduction to the subject. It is 
written in clear style and is remarkably free from errors which usually find 
their way into works dealing with such heterogeneous subjects as the so-called 
science of agriculture. Moreover, the excellent typography and numerous 
artistic illustrations make the little book unusually attractive. In a few 
cases it would seem that subjects are not treated in just proportion to theit 
relative importance. Thus, the discussion of drainage of the soil is limited 
almost to bare statements of the effects of draining, without sufficient expla- 
nation to make them clear. On the other hand, two whole chapters are 
devoted to descriptions of specific fungous diseases and insect enemies, 
although these are hardly germane to the subject. The authors inform us 
that the chapter on dairying, in which accidentally were included several 
miscellaneous sections, has been properly rearranged in later impressions. 
Che other volume, entitled Agriculture for the common schools} comes 
from the pen of James B. Hunnicutt. While this book contains an abun 
dance of wholesome ethical advice and perhaps some good practical hints for 
the farmer, its absolute lack of scientific accuracy should preclude its use in 
the schoolroom. Aside from the general ignorance of natural phenomena 
displayed throughout the book, such flagrant errors as the following are 
common: ‘Each of these [roots | carries a little soft point called spongiole on 
the tip, and through this constantly absorbs or drinks in the water from the 


earth.”’ “Some of these elements, such as carbon dioxid and hydrogen, were 


2 BURKETT, C. W., STEVENS, F. L., and Hitt, D. H., Agriculture for beginners. 


pp. i+ 267. figs. 275. Boston: Ginn & Co. 1903. $0.85. 


3HTuUNNICUTT, J. B., Agriculture for the common schools. pp. viii 


Atlanta: The Cultivator Publishing Co. 1903. 
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formerly thought to be absorbed or taken into the plant through the leaves. 
It is now thought that even the air must furnish its food to plants 
through the roots.” —H. HASSELBRING. 


Biology of plants. 


ONE OF THE first to appreciate the modern ecological view-point was 
Professor Wiesner, who issued his classical Biologie der Pflanzen in 1889. 
A second edition of this work has appeared‘ in which no radical change of 
treatment is to be seen. Throughout the new edition, however, the contribu- 
tions of the past decade are found intercalated in their proper places. In 
the introduction there is a fuller setting forth of vitalism and mechanism. 
Among the topics which are added or much changed are polarity, light and 
rain adaptations, photometry (the author’s own work). The chapter on evolu- 
tion is also much changed, and the last part is largely new. The order of 
the chapters is as follows: SECTION I, Biology of the vegetative processes: 
the individual; survey of the plant forms according to their mode of life 
(biological types); primordia, development, form and direction of organs; 
polarity, correlations, and leaf position; complications in determining the 
causes of organic forms; rhythm of the vegetative processes; germination of 
seeds and buds; vegetative growth ; flowering and fruiting ; rest periods and 
leaf-fall; adaptation of plants to external vegetative conditions; adaptation of 
plants to other organisms; specific adaptations, reproduction; life duration ; 
vitality. Section If, Biological relations of reproduction; distribution of 
sexual organs; wind-pollinated plants; insect pollinated plants; other aids 
to pollination, and transitions from one form to another; reciprocal pollina- 
tion; adaptations for self-pollination; protective adaptations of flowers; 
apogamy. SECTION III, Distribution of plants; fundamental principles and 
problems; vegetation forms and formations; distribution areas of species, 
genera and families; principles of systematic phytogeography. SECTION IV, 
Development of the plant world (theory of descent). APPENDIX: Historical 
development of botany. Thus one may see how thorough and comprehensive 
is this admirable treatise on plant biology, or, as we would say, ecology. 
H. C. COWLES. 

Plant geography. 

THE SIXTH volume of the invaluable series, Vegetation der Erde, is by 

Drude himself and embraces much of the material which he has been gather- 


ing for years in his own home-land of Saxony.S Just as Graebner’s work on 


+ WIESNER, JULIUS, Biologie der Pflanzen, mit einem Anhang: die historische 
Entwicklung der Botanik. Zweite, vermehrte und verbesserte Auflage. Svo. pp. 
viil 340. figs. 78 ands map. Vienna: Alfred Holder. 1902. 


5 DrupE, O., Der Hercynische Florenbezirk. 8vo. pp. xix + 671. pls. 5. figs. 16. 
zmap. Leipzig; Wilhelm Engelmann. 1902. 4/30, bound A/31.50; t 
M20-21.50. 
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the heath® was the first of an ecological series on the formations of central 
Europe, so Drude’s contribution is the first of a floristic series in the same 
region. The most striking feature of the present volume is its marvelous 
detail. Exact facts are presented as to the distribution of all of the higher 
plants, and many of the lower plants. An opportunity is thus given for 
drawing conclusions as to distribution with almost mathematical certainty. 
After the usual presentation of historical and geological data, a detailed 
account is made of the thirty formations of the Hercynic region, placed in ten 
groups. ‘The body of the work is taken up with a minute discussion of the 
fifteen subdivisions, into which Drude splits this area. It is here that the 
individuality and value of this work is best realized; one may well admire 
the spirit which has*prompted the years of exact and careful study making 
such a volume possible. The closing section treats the relation between the 
Hercynic and neighboring floras, and the glacial and postglacial history of 
the Hercynic flora. Not only an abundance of glacial relicts but some inter- 
glacial relicts are reported. While the book is scarcely one to be read by one 
who is unfamiliar with the region, it must be of unspeakable value to German 
plant geographers. Moreover, all will welcome a volume upon which so 
much care and pains have been taken to secure an accurate presentation of 
floristic data. —H. C. COWLES. 
MINOR NOTICES. 

THREE ADDITIONAL NUMBERS of Karsten and Schenck’s l’egefations- 
bilder? have recently appeared. Schenck has prepared the third number, 
dealing with economic plants from the tropics: Thea, Theobroma, Coffea, 
Myristica, and Carica, ‘The fourth number by Karsten portrays the tropical 
and subtropical rainy forests of Mexico. The fifth number is issued by 
Schenck, and consists of pictures from southwestern Africa; a desert with 
Welwitschia, a euphorbia steppe, a shrub steppe, Aloe dichotoma, acacias 
along a dry stream bed, Euclea. As stated in the former review,’ these illus- 
trations are accompanied by full descriptions, and set forth most admirably 
the vegetation features of far distant lands..—-H. C. CowLeEs. 

NOTES FOR STUDENTS. 

PAMPALONI® records two species of fungi from the middle Miocene of 
Sicily, referring them to the genera Uncinulites and Erysiphites. They are 
reconsidered by Salmon,’? the well known authority on these plants, who 
considers that AvystPAites is not related to the modern Erysiphaceae and that 
Uncinulites should be considered as a species of Cercosporites. —E. W. BERRY. 

®See Bor. GAZ. 35 : 293. 1903. 

7 KARSTEN, G., and SCHENCK, H., Vegetationsbilder. Hefts 3, 4, 5. A/s. 73 


a y, 30. 


Jena: Gustav Fischer. 1903. 
® Bor. GAZ. 35: 294. 1903. 
9PAMPALONI, L., Rendiconti della R. Accad. dei Lincei 11: 250-251. 1902. 


SALMON, E. S., Journ. Botany 41: 127-130. 1903. 
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BECK has given us his views respecting the delimitation of plant forma- 
tions. He discusses the varied use of the term formation, the relations 
between floristic and biological conceptions, and other disputed questions. 
Beck believes that true formations are rather sharply marked, and that many 
“transitions” are developmental stages or are due to man’s influence.—H. C. 
COWLES. 

C. C, ADAMS has discussed in an interesting manner the postglacial 
origin and migration of the life of the northeastern United States. It is shown, 
especially from his studies of shells, that the southeastern United States is the 
greatest of the life centers; the southwest has been a secondary center. The 
Mississippi valley and the coastal plain have been prominent paths of 
migration.—H. C. COWLES. ; 

R. E. B. MCKENNEY has published some notes on plant distribution in 
Orange county, southern California. He describes seven formations; the 
mountains with hard-leaved evergreen shrubs; the foothills, also dominated 
by a scrubby growth; the cafions, which alone have trees, the river beds, 
mesas, bogs, and strand. He regards this flora as not properly sclerophyll, 
but intermediate between this type and the desert.— H. C. COWLES. 

MOLLER, a pupil of Nathorst, has published a flora of the Upper 
Jurrassic of Bornholm. Contrasted with more southerly localities in Europe, 
it is distinguished by the presence of a member of the Marattiaceae which at 
that time are no longer represented to the southward. Several members of 
the Dipteridinae are also recorded. The Matonieae are represented by 
specimens scarcely distinguishable from the existing J/atonia fpectinata. 
Numerous Cycadean leaves are present as are also members of the Gink- 
goales.—E. W. BERRY. 

J. W. BLANKINSHIP® gives a list of the plant formations of eastern 
Massachusetts with their character plants. His classification is as follows: 
Xerophytes (sand barrens, hilltop barrens), Mesophytes (sand plain forests, 
hilly upland forests), Hygrophytes (sand pond margins, low meadows, sea- 
shores, low woodlands), Helophytes (swamps, bogs, salt marshes, boggy 
woodlands), Hydrophytes (sand ponds, ‘ud ponds, sea shoals, fresh-water 
formations, pelagic formations), Biophytes (waste lands, economic formations, 
fungoid formations).—H. C. COWLES. 

BECK, VON MANNAGETTA, G. RITTER, Ueber die Umgrenzung der Pflanzen- 
formationen. Oesterr. Bot. Zeit. 52: 421-427. 1902. 

2Jour. Geog. 1: 303-310; 352-257. 1902. 

3 MCKENNEY, R. E. B., Notes on plant distribution in southern California, 
U.S. A. Beihefte Bot. Centralbl. 10: 166-178. Igo. 

4 VMOLLER, HJALMAR, Bidrag till Bernholms fossile Flora, Kongl. Fysiog. Sallsk. 
Hand]. Lund 13: ——. 1902. 


'S BLANKINSHIP, J. W., The plant formations of eastern Massachusetts. Khodora 
5: 124-137. 1903. 
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RAUNKI&R announces” that the dandelions in Denmark are partheno- 


genetic. He finds varations in the common species, on which he bases five 
new species, besides recognizing two others previously segregated. All these 


produce fruit freely without fertilization, and even when the flowers of an 
unopened head are so far sliced off that no stigmas or anthers remain. 7ar- 
axacum obovatum (Willd.) DC. of southern Europe, 7. g/aucanthum (Ledeb.) 
DC. from Pamir, and 7. croceum Dahls, from Greenland and Norway produced 
fruit without fecundation. Though the author made no cytological study of 
the case, he searched in vain for germinating pollen or pollen tubes.—C. R. B. 

Dr. WILLIAM G, SMITH, who has taken up the work of the late Robert 
Smith,’? has published the first of a projected series of papers on the distribu- 
tion of British plants,” entitled “Geographical distribution of vegetation in 
Yorkshire.” The methods of Flahault, as applied in Scotland by Robert 
Smith, have here been employed for the first time in England, and with high 
success. A map, worked out in extreme detail, forms the basis for the dis- 
cussion in the text. The moorlands form the most natural vegetation of the 
district, and are developed as moss moors with much cotton grass, or heather 
moors with Calluna. The woodlands are dominated by oaks. Much the 
greater part of the area is cultivated or otherwise modified by man, Nine 
photographic reproductions of plant associations are inserted in the text. 
In this connection it may be noted that Dr. Smith has given us an admirable 
critical review of Graebner’s recent studies on the North German heath, 
comparing the conditions of heath development in Germany and England.’? 

H. C. COWLES. 

CASES OF regeneration in the strict sense are of such rarity or of such 
dubious character among plants as to lead to controversy whether it occurs 
at all. Pischinger” has noted two instances of regeneration in Sfreffocarpus 
Wendlandi Damm. (Gesneriaceae) which must be conceded to be of the same 
type as that found in animals. This remarkable piant normally produces no 
distinct epicotyl and no foliage leaves, but a meristem region develops near 
the base of the larger cotyledon, which then grows to a foliar structure about 
$0 X 20°", From near the base of this structure arises the scape bearing the 
inflorescence. In a series of experiments in which a part or all of this leaf- 
like organ was removed, the entire structure was in two instances regenerated 
at the surface from which the original had been cut. 

'6RAUNKIAR, C., Kimdannelse uden Befrugtning hos Malkebétte. Bot. ‘Tids- 
skrift 25: 109-140. 1903. 

See Bor. GAZ. 31: 136. 1901. 

®SmirH, W. G., Geog. Jour. 21: 375-401. 1903. 

9Scot. Geog. Mag. 18: 587-597. 1902. 

29 PISCHINGER, FERDINAND, Ueber Bau und Regeneration des Assimilationsap 
parates von Streptocarpus und Monophyllaea. Sitz. Ber. Wiener Acad. r11: 278 


302. fis. 2. 1902. 
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In many cases the “‘leaf’’ was regenerated when only a part was removed, 
but this differs from strict regeneration in that it is development of an organ 
from an already existent meristem. Studies upon other species of Strepto- 
carpus and upon the nearly related Monophyllaea, which normally produce 
true foliage leaves, showed many instances of this kind of ‘‘regeneration,”’ 
as well as numerous cases of regeneration in the wider sense of correlated 
development of other structures.—G. H. SHULL. 


THE FIRST account of nuclear conditions in the sexual organs of the 
Gymnoasceae is presented” by Miss E. Dale, who has studied especially Gym- 
noascus Reestt and G. candtdus (Arachniotus candidus). Miss Dale estab- 
lishes beyond question the presence of a sexual process, supporting in the 
main the earliest account of this group by Baranetzky in 1872, and discredit- 
ing the later views of van Tieghem, Zukal, and Brefeld, who have denied the 
existence of sexuality, 

The sexual organs of Gymnoascus Reesi? arise as two lateral branches on 
each side of a septum. They grow out at right angles to the parent hypha 
and twist around each other, their free ends becoming swollen and finally 
cut off by a cross wall from the stalks below. These two cells generally fuse 
while there is yet little differentiation between them, but soon one develops a 
process that coils around the other, which remains straight and _ finally 
becomes spherical. The coiled cell divides by cross walls and from most of 
the segments one or two short thick branches arise as ascogenous hyphae 
whose ends develop into asci. 

Both sexual cells at the time of fusion contain large numbers of nuclei, 
and are therefore coenogametes, but when first formed there is only one 
nucleus in each cell. This nucleus probably divides to give the later multi- 
nucleate condition, but Miss Dale did not follow this process, nor did she 
determine with certainty whether the nuclei unite in pairs after the fusion of 
the coenogametes. The nuclei pass into the coiled prolongation, and thence 
into the ascogenous hyphae. The nuclear history during the development of 
the ascospores was not studied in detail. In Gymnoascus candidus the two 
coenogametes may not arise from the same hypha or simultaneously as in G. 
eesiz, but otherwise the two forms agree in all essentials. 

These studies add another type to the rapidly growing list of lowly Asco- 
mycetes whose sexual organs are coenogametes, and indicate that this condi- 
tion is likely to prove very general inthe group. The possible bearing of this 
on the problems of the origin and relationships of the Ascomycetes is of great 
interest in connection with the conditions prevalent in the Mucorales, Sapro- 
legniales, and Peronosporales——a subject which the reviewer has recently 
considered in his paper on “ Oogenesis in Saprolegnia.” **-—B. M. Davis, 

2° DALE, ELIZABETH, Observations on Gymnoasceae. Ann. Botany 17: 571-596. 
pls. 27, 28. 1903. 


22 Bot. GAZ. 35 : 233. 1903. 
































NEWS. 


Mr. A. A. HELLER has removed to Los Gatos, California. 

Dr. JOHN L. SHELDON has been appointed professor of bacteriology in the 
University of West Virginia, 

Dr. JOSEPH H. MELLICHAMP, an ardent student of the southern flora, 
died October 2 in James Island, S. C. 


THE ATTENTION of subscribers is directed to the announcement in the 
advertising pages regarding the general index. ‘The error in the first notice 
is corrected, and we hope the approval of the index will be general enough 
to insure its publication by the University Press, It is already in an 
advanced stage of preparation. 

Mk. CORNELIUS VAN BRUNT, an expert photographer of native plants, 
died at his home in New York city on October 1, at the age of seventy-seven. 
No one who once had the pleasure of seeing the wonderful lantern slides 
made by Mr. Van Brunt, and colored to the life by Mrs. Van Brunt, will ever 
forget the perfection of their technical skill, directed as it was by their keen 
appreciation of floral beauty. 

THE SEVENTH annual meeting of the Society for Plant Morphology and 
Physiology will be held at Philadelphia, Pa.,in conjunction with the meetings 
of several other scientific societies, on December 29, 30, 31, 1903. ‘This -is 
the first meeting of this society in Philadelphia, though the preliminary steps 
which led to its formation were taken there at the meeting of the American 
Society of Naturalists in December 1895. 

Mr. A. M. FERGUSON, instructor in botany in the University of Texas, 
has been given leave of absence for one year by the University of Texas, 
and has been appointed special agent for the office of Pathology and Physiol- 
ogy, Bureau of Plant Industry, to investigate technical problems in connection 
with mushroom culture. He has been assigned to the botanical department 
of the University of Missouri. He has been recently occupied with the study 
of the so-called fungus gardens of the various species of fungus-eating ants 
occurring in Texas. 

PROFESSOR B. E. FERNOW, late director of the New York State College 
of Forestry, is writing a book on biological dendrology. He is also giving 
privately courses on Forest management and Forest finance to a number of 
former students of the College of Forestry, who have returned to Cornell Uni- 
versity for a baccalaurate degree and to finish their forestry education by 
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means of these courses. Most of the Junior students of the abandoned col- 
lege have gone to the Forest School at Yale University. 


The Forestry 
Quarterly will be continued by Mr. Fernow. 


THE BOTANICAL SOCIETY OF AMERICA will hold its tenth annual meet- 


ing at St. Louis December 29-31, 1903, under the presidency of Professor C. 
R. Barnes, of the University of Chicago. Headquarters will be established at 
the Southern Hotel, and sessions will be held in the Central High School. 
The retiring president, Dr. B. T. Galloway, chief of the Bureau of Plant 
Industry, will deliver an address upon What the twentieth century demands 
of botany. Mr. Francis Darwin, of the University of Cambridge, will present 
a paper upon A self-recording method applied to the movement of stomata. 


IN CONNECTION with the International Botanical Congress to be held in 


Vienna about the middle of June 1905, it is proposed to hold a botanical 


exhibition. The International Association of Botanists desires to demonstrate 


the importance of its proposed central bureau by exhibiting material to illus- 
trate its functions. These functions have been defined as follows: ‘(1) To 
give information as to the places where certain collections, herbaria, etc., can 
be consulted; as to cost of living at places likely to be visited by botanists ; 
as to botanical expeditions in preparation, etc. (2) To form a library of 
separate reprints of botanical papers which can be loaned to members who 
so desire, subject to the payment of postage both ways. (3) To form a 
center for the exchange, sale, and purchase of photographs of plant-societies, 
plants, or parts of plants. (4) To obtain and distribute material for investi- 
gation. (5) To assist in exchanging or selling microtome-sections. (6) To 
aid in obtaining and distributing demonstration material. (7) To beacenter 
for obtaining, keeping alive, and distributing pure cultures of algae and 
fungi.” 


It is especially desired that a complete collection of reprints of every 


author may be obtained for this exhibition with a view of presenting these to 
the library of the central bureau. All material intended for this exhibition 
is to be sent before May 1, 1905, A. d. Botanischen Garten der K. K. Uni- 
versitat in Wien, III, Rennweg 14. The cost of transportation is to be 
borne by the person exhibiting. Further information may be obtained from 
Mr. J. P. Lotsy, 33a Oude Rijn, Leiden, Holland. 





